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 Improvement of analytical accuracy 
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for rotor-dynamics 
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୺࡞グྕ 
 
A 㸸 ㍈ࡢ᩿㠃✚ (m2) 
Din 㸸 ࢹ࢕ࢫࢡࡢෆᚄ (m) 
Dout 㸸 ࢹ࢕ࢫࢡࡢእᚄ (m) 
E 㸸 ࣖࣥࢢ⋡ (N/m2) 
E' 㸸 ⿵ṇᚋࡢࣖࣥࢢ⋡ (N/m2) 
G 㸸 ᶓᙎᛶಀᩘ (N/m2) 
G' 㸸 ⿵ṇᚋࡢᶓᙎᛶಀᩘ (N/m2) 
I 㸸 ㍈ࡢ᩿㠃 2ḟ࣮࣓ࣔࣥࢺ (m4) 
I1 㸸 ኱ᚄ㍈ࡢ᩿㠃 2ḟ࣮࣓ࣔࣥࢺ (m4) 
I1' 㸸 ㍈┤ᚄኚ໬㒊ࡢ኱ᚄ㍈ഃ᩿㠃ࡢ᭤ࡆ๛ᛶࡢ➼౯᩿㠃 2ḟ 
࣮࣓ࣔࣥࢺ (m4) 
I2 㸸 ᑠᚄ㍈ࡢ᩿㠃 2ḟ࣮࣓ࣔࣥࢺ (m4) 
I2' 㸸 ㍈┤ᚄኚ໬㒊ࡢᑠᚄ㍈ഃ᩿㠃ࡢ᭤ࡆ๛ᛶࡢ➼౯᩿㠃 2ḟ 
࣮࣓ࣔࣥࢺ (m4) 
IA 㸸 ᩿㠃 A-A࡟࠾ࡅࡿ᭤ࡆ๛ᛶࡢ➼౯᩿㠃 2ḟ࣮࣓ࣔࣥࢺ (m4) 
Id 㸸 ㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧ࡟ࡼࡿ᭤ࡆ๛ᛶࡢ➼౯᩿㠃 2ḟ 
࣮࣓ࣔࣥࢺ (m4) 
Ieq 㸸 㛗ࡉ 9d/32ࡢᑠᚄ㍈せ⣲ࡢ᭤ࡆ๛ᛶࡢ➼౯᩿㠃 2ḟ࣮࣓ࣔࣥࢺ  
(m4) 
Ip 㸸 ᅇ㌿㍈せ⣲ࡢ᩿㠃 2ḟᴟ࣮࣓ࣔࣥࢺ (m4) 
Ip1 㸸 ኱ᚄ㍈ࡢ᩿㠃 2ḟᴟ࣮࣓ࣔࣥࢺ (m4) 
Ip2 㸸 ᑠᚄ㍈ࡢ᩿㠃 2ḟᴟ࣮࣓ࣔࣥࢺ (m4) 
Ipeq 㸸㛗ࡉ 3ʌd/{64(1+0.3382ȕ3+0.0815ȕ5+0.1144ȕ6+0.0125ȕ7)}ࡢᑠᚄᱱ 
せ⣲ࡢࡡࡌࡾ๛ᛶࡢ➼౯᩿㠃 2ḟᴟ࣮࣓ࣔࣥࢺ (m4) 
Ipd 㸸 ㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧ࡟ࡼࡿࡡࡌࡾ๛ᛶࡢ➼౯᩿㠃 2ḟ 
ᴟ࣮࣓ࣔࣥࢺ (m4) 
I'' 㸸 ㍈┤ᚄኚ໬㒊᩿㠃ࡢ➼౯᩿㠃 2ḟ࣮࣓ࣔࣥࢺ (m4) 
JCG 㸸 ࣮ࣟࢱࡢ㔜ᚰࢆ㏻ࡾᅇ㌿㍈࡟┤஺ࡍࡿ㍈࿘ࡾࡢ୺័ᛶ 
࣮࣓ࣔࣥࢺ (kgm2) 
Jdisc 㸸 ࢹ࢕ࢫࢡࡢ┤ᚄ㍈࿘ࡾࡢ័ᛶ࣮࣓ࣔࣥࢺ (kgm2) 
JpCG 㸸 ࣮ࣟࢱࡢᅇ㌿㍈࿘ࡾࡢ୺័ᛶ࣮࣓ࣔࣥࢺ (kgm2) 
Jpdisc 㸸 ࢹ࢕ࢫࢡࡢᅇ㌿㍈࿘ࡾࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ (kgm2) 
M 㸸 ᭤ࡆ࣮࣓ࣔࣥࢺ (Nm) 
T 㸸 ࢺࣝࢡ (Nm) 
vi 
 
a 㸸 ᑠᚄ㍈ࡲࡓࡣ๛య㍈ࡢ༙ᚄ (m)㸪a=d/2 
b 㸸 ෇ᯈࡲࡓࡣ኱ᚄ㍈ࡢ༙ᚄ (m)㸪b=d0/2 
c1㸪c2㸪c3  㸸 ࡓࢃࡳ᭤⥺ࡢ 3ḟከ㡯ᘧ㏆ఝ᭤⥺ࡢಀᩘ(ษ∦ࢆ 0࡜ࡋࡓሙྜ) 
d 㸸 ᑠᚄ㍈ࡢ㍈ᚄ (m) 
d0 㸸 ෇ᯈࡲࡓࡣ኱ᚄ㍈ࡢ㍈ᚄ (m) 
de 㸸 ➼౯࡞᭤ࡆ๛ᛶࢆ୚࠼ࡿ኱ᚄ㒊ࡢ㍈ᚄ (m) 
deq  㸸 ➼౯࡞᭤ࡆ๛ᛶࢆ୚࠼ࡿᑠᚄ㒊ࡢ㍈ᚄ (m) 
dpeq  㸸 ➼౯࡞ࡡࡌࡾ๛ᛶࢆ୚࠼ࡿᑠᚄ㒊ࡢ㍈ᚄ (m) 
ds 㸸 ࢫ࣮ࣜࣈࡢෆᚄ (m) 
f 㸸 ᅛ᭷᣺ືᩘ (Hz) 
h 㸸 ෇ᯈࡲࡓࡣ኱ᚄ㒊ࡢཌࡉࡲࡓࡣ㍈᪉ྥ㛗ࡉ (m) 
k1 㸸 ኱ᚄ㍈せ⣲ࡢᅇ㌿ࡤࡡᐃᩘ (Nm/rad) 
k2 㸸 ᑠᚄ㍈せ⣲ࡢᅇ㌿ࡤࡡᐃᩘ (Nm/rad) 
kd 㸸 㛗ࡉ 9d/32ࡢせ⣲ࡢᅇ㌿ࡤࡡᐃᩘ (Nm/rad) 
keq 㸸 ➼౯࡞᭤ࡆ๛ᛶࢆ୚࠼ࡿ㛗ࡉ 9d/32ࡢせ⣲ࡢᅇ㌿ࡤࡡᐃᩘ 
 (Nm/rad) 
le 㸸 ㍈せ⣲ࡢ㛗ࡉ (m) 
l2 㸸 ᑠᚄ㍈せ⣲ࡢ㛗ࡉ (m) 
m1 㸸 ኱ᚄ㍈せ⣲ࡢ័ᛶ࣮࣓ࣔࣥࢺ (kgm2) 
m2 㸸 ᑠᚄ㍈せ⣲ࡢ័ᛶ࣮࣓ࣔࣥࢺ (kgm2) 
md 㸸 㛗ࡉ 9d/32ࡢせ⣲ࡢ័ᛶ࣮࣓ࣔࣥࢺ (kgm2) 
mdisc 㸸 ࢹ࢕ࢫࢡࡢ㉁㔞 (kg) 
mR 㸸 ࣮ࣟࢱࡢ඲㉁㔞 (kg) 
n 㸸 ⠇Ⅼᩘ 
ndisc 㸸 ࢹ࢕ࢫࢡࡢᩘ 
nf1 㸸 ᅛ᭷᣺ືᩘࡢᩘ 
nf2 㸸 ᅛ᭷࣮ࣔࢻࡢᩘ 
p 㸸 㠃ᅽⲴ㔜 (N) 
p0 㸸 ᔐࡵྜ࠸࡟ࡼࡿ㠃ᅽⲴ㔜 (N) 
tdisc 㸸 ࢹ࢕ࢫࢡࡢཌࡉ (m) 
zCG 㸸 ㍈᪉ྥࡢ㔜ᚰ఩⨨ (m) 
ǻd 㸸 ⥾ࡵ௦ (m) 
ǻp 㸸 ᭤ࡆ࣮࣓ࣔࣥࢺ࡟ࡼࡿ㠃ᅽⲴ㔜ࡢኚ໬ศ (N) 
ĭ 㸸 ᅛ᭷࣮ࣔࢻ 
Į 㸸 ᭤ࡆ࣮࣓ࣔࣥࢺ࡜ഴࡁゅࡢẚ౛ಀᩘ 
Įi 㸸 ័ᛶಀᩘ 
vii 
 
Įm 㸸 ㉁㔞ಀᩘ 
ȕ 㸸 ㍈┤ᚄẚ 
Ȗ 㸸 ẚ౛ῶ⾶ᐃᩘ 
į 㸸 ᱱࡢࡓࢃࡳ (m) 
H  㸸 ᅛ᭷ゅ᣺ືᩘࡢᖹᆒㄗᕪ 
ș 㸸 ࢺࣝࢡ T࡟ࡼࡿᑠᚄ㍈ࡲࡓࡣ๛య㍈ࡢᅇ㌿ゅ (rad) 
ț 㸸 ࡏࢇ᩿ᐃᩘ 
ȝ 㸸 ᦶ᧿ಀᩘ 
Ȟ 㸸 ࣏࢔ࢯࣥẚ 
ȡ 㸸 ᅇ㌿㍈ࡢᐦᗘ (kg/m3) 
ȡdisc 㸸 ࢹ࢕ࢫࢡࡢᐦᗘ (kg/m3) 
ı 㸸 ᶆ‽೫ᕪ 
Ĳ 㸸 ࡏࢇ᩿ಀᩘ 
ȥ 㸸 ᭤ࡆ࣮࣓ࣔࣥࢺ࡟ࡼࡿ㍈┤ᚄኚ໬㒊᩿㠃ࡢഴࡁゅ (rad) 
Ȧn 㸸 ᅛ᭷ゅ᣺ືᩘ (rad/s) 
 
  
1 
 
➨ ❶ ᗎㄽ
 ⥴ゝ
 ⌧ᅾ㸪ᗈ⠊࡞ศ㔝࡛ከ✀ከᵝ࡞ᅇ㌿ᶵᲔࡀ㸪✀ࠎࡢ᣺ືၥ㢟ࢆඞ᭹ࡋ࡚㸪㔜せ࡞ᙺ๭ࢆ
ᢸࡗ࡚࠸ࡿ㸬౛࠼ࡤ㸪Ⓨ㟁ศ㔝࡛ࡣ㸪1960 ᖺ௦௨㝆㸪㧗ฟຊ໬ࡢࡓࡵ࡟⵨Ẽࢱ࣮ࣅࣥࡢ኱
ᆺ໬㸪㛗ࢫࣃࣥ໬㸪ከࢫࣃࣥ໬ࡀ㐍ࡳ㸪༴㝤㏿ᗘࡢపୗ࡜ᐃ᱁ᅇ㌿ᩘ௨ୗ࡟Ꮡᅾࡍࡿ༴㝤
㏿ᗘࡢᩘࡢቑ኱࡜࠸࠺ၥ㢟࡟ᑐᛂࡍࡿࡓࡵ࡟㍈ཷࡢ๛ᛶ࡜ῶ⾶ࢆᐇ⏝࡟㊊ࡿ⢭ᗘ࡛᥎ᐃࡍ
ࡿᢏ⾡ࡸ୙㔮ྜ࠸᣺ືࢆపῶࡍࡿᢏ⾡࡞࡝ࡀ㛤Ⓨࡉࢀ㸪ᅜෆ࡛ࡣ 2000ᖺ๓ᚋ࡟ 1000MW⣭
ࡢ⵨Ẽࢱ࣮ࣅࣥࡀ✌ാࢆ㛤ጞࡋ࡚࠸ࡿ㸬ࡲࡓ㸪▼Ἔ࣭ኳ↛࢞ࢫศ㔝࡛ࡣ㸪ὶయᅽ㏦⏝ࡢ㐲
ᚰᅽ⦰ᶵࡢ㧗ᅽ໬㸪㧗㏿໬ࡀ㐍ࡳ㸪ࢩ࣮ࣝ㒊࡛Ⓨ⏕ࡍࡿ୙Ᏻᐃ໬ຊࢆዴఱ࡟ᢚ࠼ࡿ࠿ࡀタ
ィୖࡢ㔜せㄢ㢟࡜࡞ࡗ࡚࠾ࡾ㸪1990 ᖺ௦࠿ࡽ〇ရ໬ࡀ㐍ࢇ࡛ࡁࡓ☢Ẽ㍈ཷࢆไᚚࡋ࡚୙Ᏻ
ᐃ໬ຊࢆᢚ࠼ࡿᢏ⾡ࡀ㛤Ⓨࡉࢀ㸪Ᏻᐃᛶྥୖࡢࡓࡵࡢ᭦࡞ࡿᢏ⾡㛤Ⓨࡀ⥅⥆ࡉࢀ࡚࠸ࡿ㸬
ࡇࢀࡽࡢ௚࡟ࡶ㸪ᅇ㌿ᶵᲔࡢ኱ᆺ໬㸪ᑠᆺ໬㸪㧗㏿໬࡞࡝ࡢせồ࡟క࠸㛤Ⓨẁ㝵࡛Ⓨ⏕ࡍ
ࡿᵝࠎ࡞᣺ື⌧㇟ࡢⓎ⏕࣓࢝ࢽࢬ࣒ࡀ◊✲ࡉࢀ㸪ࡑࡢከࡃࡀゎ᫂ࡉࢀ࡚ࡁࡓ㸬㍈⣔ࡢ᣺ື
࡟㛵ࡋ࡚ࡣ㸪୙㔮ྜ࠸ࡸ࣑ࢫ࢔ࣛ࢖࣓ࣥࢺ㸦㑣㡲⏣௚㸪1983㸪ᩪ⸨㸪ᯇᮏ㸪1985㸪⚄ྜྷ௚㸪
2009㸧࡟㉳ᅉࡍࡿ᣺ື㸪๛ᛶࡀ㠀ᑐ⛠࡞ᅇ㌿㍈ࡢ୙Ᏻᐃ᣺ື㸪ࡍ࡭ࡾ㍈ཷࡢື≉ᛶ㸦ᰁ㇂㸪
1984㸪ᇼ㸪ຍ⸨㸪1989㸧㸪࢜࢖ࣝ࣍࢖ࢵࣉ㸦ᒸᓮ㸪ᇼ㸪1955㸪⯪ᕝ㸪ከࠎⰋ㸪1964㸪⏣ᾆ㸪
⏣୰㸪2007㸧㸪ࢫࢳ࣮࣒࣮࣍࣡ࣝ㸪ࢡࣛࢵࢡ㍈ࡢ᣺ື㸦▼⏣௚㸪1992㸪஭ୖ௚㸪2010㸧㸪ࣟ
࣮ࢱᇶ♏ບ᣺ᛂ⟅㸦⏣ᮧ௚㸪1981㸪ྂụ㸪▼ཎ㸪1983㸪ᒸᮏ௚㸪1992㸧㸪࣮ࣟࢱࡢෆ㒊ῶ⾶
࡟ࡼࡿ⮬ບ᣺ື㸦㔝Ἴ㸪ᐑୗ㸪1980㸧㸪ࢩ࣮ࣝ࡟ࡼࡿ୙Ᏻᐃ᣺ື㸦ᒾና௚㸪1983㸪⁪⏣௚㸪
1988㸧㸪ᾮయෆⶶ࣮ࣟࢱࡢ୙Ᏻᐃ᣺ື㸦ᩧ⸨㸪ᰁ㇂㸪1978㸧㸪⋢㍈ཷࡢ㠀⥺ᙧࡤࡡ≉ᛶ࡟㉳
ᅉࡍࡿ㠀⥺ᙧ᣺ື㸦ᒣᮏ௚㸪1976㸧㸪ࢫࢡ࢖ࢬࣇ࢕࣒ࣝࢲࣥࣃ㍈ཷࡢື≉ᛶ㸦ྂụ㸪▼ཎ㸪
1987㸪⚄ྜྷ௚㸪2004㸧㸪☢Ẽ㍈ཷ㸦ྜྷ⏣௚㸪1993㸪ஂỌ௚㸪1996㸪ᒾኑ௚㸪1998㸪▼⏣௚㸪
2003㸪㧗ᶫ௚㸪2003, ⚄ྜྷ௚㸪2004㸧࡞࡝ࡀ◊✲ࡉࢀ࡚ࡁࡓ㸬⩼᣺ື࡟㛵ࡋ࡚ࡣ㸪ࢱ࣮ࣅࣥ
ື⩼࡟ຍࢃࡿὶయບ᣺ຊ㸦▼ཎ௚㸪1990㸧ࡸ࣑ࢫࢳ࣮ࣗࣥ⩼ࡢ᣺ື㸦㔠Ꮚ௚㸪1992㸧࡞࡝
ࡀ◊✲ࡉࢀ࡚ࡁࡓ㸬ᅇ㌿㍈ࡢ᭤ࡆ࡜ࡡࡌࡾࡢ㐃ᡂ᣺ື㸦ᒾን௚㸪1983㸧㸪ᅇ㌿㍈ࡢࡡࡌࡾ࡜
⩼᭤ࡆࡢ㐃ᡂ᣺ື㸦㣤ᓥ௚㸪1991㸧㸪ᅇ㌿㍈ࡢ᭤ࡆ࡜⩼ࡢ᭤ࡆࡢ㐃ᡂ᣺ື㸦ⴗཎ㸪1982㸧࡟
ࡘ࠸࡚ࡶ◊✲ࡀ࡞ࡉࢀ࡚࠸ࡿ㸬ࡇࢀࡽࡢ◊✲ࡢᡂᯝࡣ㸪ࡼࡾ㧗ᛶ⬟㸪㧗ຠ⋡࡛⎔ቃ㈇Ⲵࡢ
ప࠸㸪Ᏻ඲࡞ᅇ㌿ᶵᲔࡢ㛤Ⓨࡸタィ࡟཯ᫎࡉࢀ࡚࠸ࡿ㸬 
 ࡋ࠿ࡋ㸪㏆ᖺ࡟࠾࠸࡚ࡶ㸪ᅇ㌿㍈ࡢ᭤ࡆ᣺ືࡸࡡࡌࡾ᣺ືࡀ஦ᨾ࡟⧅ࡀࡗࡓ஦౛ࡸ㸪ࢱ
࣮࣎ᶵᲔࡢࣈ࣮ࣞࢻࡸ࢖ࣥ࣌ࣛࡢ᣺ືࡀၥ㢟࡜࡞ࡗࡓ஦౛ࡀሗ࿌ࡉࢀ࡚࠸ࡿ㸬୙ලྜࡢせ
ᅉ࡜ࡋ࡚ࡣ㸪ᐇᶵࡢ᣺ືண ࡟⏝࠸ࡿゎᯒࣔࢹࣝࡢ⢭ᗘ୙㊊㸪㍈ཷ≉ᛶࡢኚ໬㸪እຊࡢぢ
✚⢭ᗘࡢ୙㊊࡞࡝࡟ຍ࠼࡚㸪᪤Ꮡࡢゎᯒࣔࢹ࡛ࣝ⾲⌧࡛ࡁ࡞࠸㠀⥺ᙧ᣺ື࡞࡝ࡢሙྜࡶ࠶
ࡿ㸬 
ᅇ㌿ᶵᲔࡢ᣺ືࡣᙉไ᣺ື࡜୙Ᏻᐃ᣺ື࡟኱ูࡉࢀ㸪ࡇࢀࡽࡢ᣺ື⌧㇟ࡣ㸪࣮ࣟࢱࡢ㉁
㔞㸪๛ᛶ㸪ῶ⾶⾜ิ࡛⾲ࡉࢀࡿ࣮ࣟࢱࡢゎᯒࣔࢹࣝ࡟ᨭᣢ㒊ࡢ㉁㔞㸪๛ᛶ㸪ῶ⾶ࡢྛ⾜ิ
ࢆ㔜ࡡྜࢃࡏࡓ඲య⣔ࡢゎᯒࣔࢹࣝ࡟㸪እຊ࣋ࢡࢺࣝࢆ୚࠼࡚⾲⌧ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬㏻
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ᖖࡢᅇ㌿ᶵᲔ࡛ࡣ㸪࣮ࣟࢱࡢῶ⾶࡜ᨭᣢ㒊ࡢ㉁㔞ࡣ↓どࡋ࡚ࣔࢹࣝ໬ࡀ࡞ࡉࢀࡿ㸬 
ᙉไ᣺ືࡣ࣮ࣟࢱࡢ௵ពࡢ㒊఩࡟స⏝ࡍࡿᙉไຊ࡟ࡼࡗ࡚ᘬࡁ㉳ࡇࡉࢀࡿ᣺ື࡛࠶ࡾ㸪
௦⾲ⓗ࡞ࡶࡢ࡜ࡋ࡚୙㔮ྜ࠸᣺ືࡀ࠶ࡿ㸬୙㔮ྜ࠸᣺ືࢆపῶࡍࡿࡓࡵ࡟⾜ࢃࢀࡿ㔮ྜࢃ
ࡏ࡟㛵ࡍࡿ◊✲ࡣྂࡃ࠿ࡽ⾜ࢃࢀ࡚࠸ࡿ㸦▮㘠, ⏣ᮧ, 1969, ୕㍯, 1971, ሷᖭ, ⸨ἑ, 1979㸪
ⓑᮌ௚, 1980, ᯇୗ௚, 1992㸧㸬࣮ࣟࢱࢆ๛య࡜ࡋ࡚ᢅ࠺ࡇ࡜ࡀ࡛ࡁࡿప㏿ࡢᅇ㌿ᶵᲔ࡛ࡣᙳ
㡪ಀᩘἲ࡟ࡼࡿ 2 㠃ࣂࣛࣥࢩࣥࢢ࡛ẚ㍑ⓗᐜ᫆࡟㔮ྜࢃࡏࡿࡇ࡜ࡀ࡛ࡁࡿ㸬࣮ࣟࢱࢆᙎᛶ
య࡜ࡋ࡚ᢅ࠺ᚲせࡀ࠶ࡿ㧗㏿ࡢᅇ㌿ᶵᲔ࡛ࡣ㸪ᅛ᭷࣮ࣔࢻࢆ⪃៖ࡋࡓ࣮ࣔࢻ෇ࣂࣛࣥࢩࣥ
ࢢἲ㸦ྜྷᮏ, ᯇୗ, 2004, ᯇୗ௚, 2009㸧㸪࣮ࣟࢱࡢ㍈᣺ືపῶࡔࡅ࡛࡞ࡃ㍈ཷ཯ຊࢆࡶపῶ
ࡍࡿ n+2㠃ἲ㸦▮㘠, ⏣ᮧ, 1969㸧㸪๓ྥࡁ୙㔮ྜ࠸᣺ືᡂศࡢࡳ࡟ὀ┠ࡋࡓࣂࣛࣥࢩࣥࢢἲ
㸦ᯇୗ௚, 2012㸧㸪ࡉࡽ࡟㸪୙㔮ྜ࠸ಟṇ㠃ࡢไ⣙ࡀ࠶ࡿ୰࡛ṧ␃᣺ືࡢୖ㝈್ࡸಟṇ㔞ࡢ
ୖ㝈್ࢆ⪃៖ࡋࡓ᭱㐺ࣂࣛࣥࢩࣥࢢἲࡀ㛤Ⓨࡉࢀ࡚࠸ࡿ㸦⚄ྜྷ௚㸪1999㸧㸬ᅇ㌿ᶵᲔࡢ᣺ື
ゎᯒࣔࢹࣝ࡟࠾ࡅࡿᨭᣢ㒊ࡢ๛ᛶ࡜ῶ⾶ࡢ⢭ᗘࡣ㸪࣮ࣟࢱࡢࡶࡢ࡜ẚ࡭࡚ప࠸ሙྜࡀከ࠸
ࡓࡵ㸪㔮ྜࢃࡏ࡛౑⏝ࡍࡿᙳ㡪ಀᩘࡣ㸪ゎᯒࣔࢹࣝ࠿ࡽ᥎ᐃࡋࡓࡶࡢ࡛ࡣ࡞ࡃ㸪ᐇ ࡋࡓ
᣺ື್࠿ࡽồࡵࡿ᪉ࡀ⢭ᗘ㠃࡛᭷฼࡛࠶ࡿ㸦ᒾና㸪1980㸧㸬 
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ࢱ࣮ࣅ࡛ࣥࡣ㸪࢜࢖ࣝ࣍࢖ࢵࣉࡸࢫࢳ࣮࣒࣮࣍࣡ࣝ࡞࡝ࡢ⮬ບ᣺ືࡀⓎ⏕ࡍࡿྍ⬟ᛶࡀ࠶
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ࡿ㸬ࡍ࡭ࡾ㍈ཷ࡟ࡘ࠸࡚ࡣྂࡃ࠿ࡽ◊✲ࡀ࡞ࡉࢀ࡚࠾ࡾ㸪⌮ㄽ࡜ᐇ㦂࡛㸪┿෇㍈ཷ㸪ከ෇
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࣐ࢺࣜࢵࢡࢫἲ㸦Pestel and Leckie, 1963, ⳥ᆅ, 1969, Ishida and Yamamoto, 2012㸧ࡸ᭷㝈せ⣲
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Fig. 1.6   Overview of the study 
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㒊ࡢ┤ᚄẚ࠾ࡼࡧ኱ᚄ㒊ࡢ┤ᚄ࡜㍈᪉ྥ㛗ࡉ࡟㛵ࡍࡿᥦ᱌᪉ἲࡢ㐺⏝⠊ᅖ࡟ࡘ࠸᳨࡚ウࡍ
ࡿ㸬ḟ࡟㸪ᥦ᱌᪉ἲࡢヲ⣽ࢆ♧ࡍ㸬ࡑࡋ࡚㸪ᥦ᱌᪉ἲࡢጇᙜᛶࢆ᳨ドࡍࡿࡓࡵ࡟㸪ᥦ᱌᪉
ἲࢆ㐺⏝ࡋࡓ 1ḟඖᱱࣔࢹࣝࡢゎᯒ⤖ᯝࢆ㸪3ḟඖࣔࢹࣝࡢゎᯒ⤖ᯝ࠾ࡼࡧᐇ㦂⤖ᯝ࡜ẚ㍑
ࡋ㸪᭱ᚋ࡟㸪ᐇᶵ┦ᙜࡢᅇ㌿ᶵᲔ࡜ࡋ࡚⵨Ẽࢱ࣮ࣅࣥⓎ㟁ᶵࢆྲྀࡾୖࡆ࡚㸪ᥦ᱌᪉ἲࢆ㐺
⏝ࡋࡓሙྜ࡜㐺⏝ࡋ࡞࠸ሙྜࡢᅛ᭷್ࡢᕪ␗ࢆ♧ࡋ࡚㸪ᥦ᱌᪉ἲ࡟ࡼࡿ᭤ࡆ๛ᛶࡢ㧗⢭ᗘ
໬ࡢຠᯝࢆ☜ㄆࡍࡿ㸬 
 ➨ 4 ❶࡛ࡣ㸪ᔐࡵྜ࠸㒊ࡢ᭤ࡆ๛ᛶࢆ࡝ࡢ⛬ᗘ࡟ぢ✚ࡶࡿࡢࡀጇᙜ࡛࠶ࡿ࠿࡟ࡘ࠸᳨࡚
ウࡋࡓ⤖ᯝࢆ㏙࡭ࡿ㸬ࡲࡎ㸪ᔐࡵྜ࠸㒊ࡢᦶ᧿ࢆ⪃៖ࡋࡓ᭷㝈せ⣲ゎᯒ࡟ࡼࡗ࡚ᔐࡵྜ࠸
㒊ࡢ᭤ࡆ๛ᛶࢆ᳨ウࡍࡿ㸬ḟ࡟㸪ᐇ㦂࡟ࡼࡿ᳨ド⤖ᯝࢆ♧ࡍ㸬 
 ➨ 5 ❶࡛ࡣ㸪㍈┤ᚄኚ໬㒊ࡢࡡࡌࡾ๛ᛶࡢ㧗⢭ᗘ໬᪉ἲࢆᥦ᱌ࡍࡿ㸬ࡲࡎ㸪ᥦ᱌᪉ἲࡢ
㐺⏝⠊ᅖ࡟ࡘ࠸᳨࡚ウࡍࡿ㸬ḟ࡟㸪ᥦ᱌᪉ἲࡢヲ⣽ࢆ♧ࡍ㸬ࡑࡋ࡚㸪ᥦ᱌᪉ἲࡢጇᙜᛶࢆ
᳨ドࡍࡿࡓࡵ࡟㸪ᥦ᱌᪉ἲࢆ㐺⏝ࡋࡓ㸯ḟඖᱱࣔࢹࣝࡢゎᯒ⤖ᯝࢆ 3 ḟඖࣔࢹࣝࡢゎᯒ⤖
ᯝ࡜ẚ㍑ࡍࡿ㸬᭱ᚋ࡟㸪ᐇᶵ┦ᙜࡢᅇ㌿ᶵᲔ࡜ࡋ࡚⵨Ẽࢱ࣮ࣅࣥⓎ㟁ᶵࢆྲྀࡾୖࡆ࡚㸪ᥦ
᱌᪉ἲࢆ㐺⏝ࡋࡓሙྜ࡜㐺⏝ࡋ࡞࠸ሙྜࡢᅛ᭷್ࡢᕪ␗ࢆ♧ࡋ㸪ᥦ᱌᪉ἲ࡟ࡼࡿࡡࡌࡾ๛
Considering the effect of the elasticity 
in the face of the stepped cross-sections 
Considering the effect of the elasticity 
in the face of the stepped cross-sections 
Considering shrink fit effect 
for the bending stiffness 
Identifying all characteristic matrices 
in the vibration equation of a rotor  
based on the rigid and elastic properties 
which can be obtained by a vibration test
Torsional vibration analysis
Bending vibration analysis
Accuracy improvement 
of 1D rotordynamic analysis model
Chapter 3
Chapter 4
Chapter 6
Chapter 5
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ᛶࡢ㧗⢭ᗘ໬ࡢຠᯝࢆ☜ㄆࡍࡿ㸬 
 ➨ 6❶࡛ࡣ㸪᣺ືヨ㦂⤖ᯝ࡟ᇶ࡙࠸ࡓ㍈᣺ືゎᯒࣔࢹࣝࡢ㧗⢭ᗘ໬᪉ἲ࡟ࡘ࠸࡚㏙࡭ࡿ㸬
ࡲࡎ㸪≉ᛶ⾜ิࡢྠᐃ᪉ἲࡢᴫせࢆ㏙࡭㸪ḟ࡟ලయⓗ࡞ྠᐃᡭ㡰ࢆㄝ᫂ࡍࡿ㸬ࡑࡢḟ࡟㸪
๛య≉ᛶ࡜ᙎᛶ≉ᛶ࡟ㄗᕪࢆᣢࡘゎᯒࣔࢹࣝࡢලయⓗ࡞㧗⢭ᗘ໬౛࡜ࡋ࡚㸪ᶍᨃࡢᐇ ್
࡟ࡼࡗ࡚ 4ẁࡢ㐲ᚰᅽ⦰ᶵ࣮ࣟࢱࡢࣔࢹࣝࡢ≉ᛶ⾜ิࢆྠᐃࡋࡓ⤖ᯝࢆ♧ࡍ㸬 
୍ࡘ┠ࡢㄢ㢟࡛࠶ࡿ㸪ィ⟬㈇Ⲵࡀᑠࡉࡃ㧗⢭ᗘ࡞㍈᣺ື㸦᭤ࡆ᣺ື࡜ࡡࡌࡾ᣺ື㸧ゎᯒ
ᡭἲࡢ㛤Ⓨ࡟࠾࠸࡚㸪᭤ࡆ᣺ືゎᯒ࡟㛵ࡋ࡚ࡣ㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡋࡓࣔ
ࢹࣝ໬᪉ἲ࡜ᔐࡵྜ࠸㒊ࡢࣔࢹࣝ໬᪉ἲࢆ☜❧ࡋ㸪ࡡࡌࡾ᣺ືゎᯒ㛵ࡋ࡚ࡣ㍈┤ᚄኚ໬㒊
᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡋࡓࣔࢹࣝ໬᪉ἲࢆ☜❧ࡋࡓ㸬᭤ࡆ᣺ືゎᯒࣔࢹࣝࡢ㧗⢭ᗘ໬࡛ࡣ㸪
㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡋࡓࣔࢹࣝ໬᪉ἲ࡜ࡋ࡚㸪㍈┤ᚄኚ໬㒊ࡢᑠᚄ㍈ഃ࡟
㐺ษ࡞㛗ࡉࡢせ⣲ࢆタࡅ࡚㸪ࡑࡢせ⣲ࡢ᭤ࡆ๛ᛶࢆ㐺ษ࡟ᙅࡵࡿ᪉ἲࢆ☜❧ࡋ㸪ᔐࡵྜ࠸
㒊ࡢࣔࢹࣝ໬᪉ἲ࡜ࡋ࡚ࡣ㸪ᔐࡵྜ࠸㒊ࡢ➼౯࡞᭤ࡆ๛ᛶࢆ୚࠼ࡿ㍈ࡢእᚄࢆ㸪ᔐࡵྜࢃ
ࡏࡿࢫ࣮ࣜࣈࡢእᚄ࡜ࡍࡿ᪉ἲࢆ♧ࡋࡓ㸬ࡡࡌࡾ᣺ືゎᯒࣔࢹࣝࡢ㧗⢭ᗘ໬࡛ࡣ㸪㍈┤ᚄ
ኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡋࡓࣔࢹࣝ໬᪉ἲ࡜ࡋ࡚㸪㍈┤ᚄኚ໬㒊ࡢᑠᚄ㍈ഃ࡟㐺ษ࡞
㛗ࡉࡢせ⣲ࢆタࡅ࡚㸪ࡑࡢせ⣲ࡢࡡࡌࡾ๛ᛶࢆ㐺ษ࡟ᙅࡵࡿ᪉ἲࢆ☜❧ࡋࡓ㸬 
஧ࡘ┠ࡢㄢ㢟࡛࠶ࡿ㸪ᐇ㦂࣮ࣔࢻゎᯒ⤖ᯝ࡟ᇶ࡙࠸࡚࣮ࣟࢱࡢ᣺ືゎᯒࣔࢹࣝࢆ㧗⢭ᗘ
໬ࡍࡿ᪉ἲࡢ㛤Ⓨ࡟ᑐࡋ࡚ࡣ㸪᭤ࡆ᣺ືゎᯒࣔࢹࣝ࡟ࡘ࠸࡚㸪㉁㔞㸪㔜ᚰ఩⨨㸪័ᛶ࣮ࣔ
࣓ࣥࢺ࡜㸪ᅛ᭷᣺ືᩘ㸪ᅛ᭷࣮ࣔࢻ࡟㛵ࡍࡿ᝟ሗ࠿ࡽ㸪ㄗᕪࢆྵࢇࡔ඲࡚ࡢᮦᩱ≉ᛶ್ࢆ
ྠ᫬࡟㧗⢭ᗘ໬ࡋ࡚㸪᣺ື᪉⛬ᘧ࡟࠾ࡅࡿ඲࡚ࡢ≉ᛶ⾜ิ㸦㉁㔞⾜ิ㸪ῶ⾶⾜ิ㸪๛ᛶ⾜
ิ㸪࠾ࡼࡧࢪࣕ࢖ࣟ⾜ิ㸧ࢆྠᐃࡍࡿ᪉ἲࢆ☜❧ࡋࡓ㸬 
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disc
discdiscdiscinoutpdisc t
mJtDDJ   US                㸦2.13㸧 
 
 ࣮ࣟࢱ඲యࡢ᭤ࡆ᣺ືゎᯒࣔࢹࣝ
 ࣮ࣟࢱ඲యࡢ᭷㝈せ⣲ࣔࢹࣝࡢ㉁㔞⾜ิ[Mr]ࡣ㸪ᅇ㌿㍈ࡢ㉁㔞⾜ิ[Mshaft]ࡢᙜヱ⠇Ⅼ㒊ศ
࡟ࢹ࢕ࢫࢡࡢ㉁㔞⾜ิ[Mdisc]ࢆ㊊ࡋྜࢃࡏࡿࡇ࡜࡛᏶ᡂࡍࡿ㸬࣮ࣟࢱ඲యࡢ᭷㝈せ⣲ࣔࢹࣝ
ࡢ๛ᛶ⾜ิ[Kr]ࡣ㸪ᅇ㌿㍈ࡢ๛ᛶ⾜ิ[Kshaft]࡜ྠ୍࡛࠶ࡿ㸬ࡲࡓ㸪࣮ࣟࢱ඲యࡢࢪࣕ࢖ࣟ⾜
ิ[Gr]ࡣ㸪㍈ࡢࢪࣕ࢖ࣟ⾜ิ[Gshaft]ࡢᙜヱ⠇Ⅼ㒊ศ࡟ࢹ࢕ࢫࢡࡢࢪࣕ࢖ࣟ⾜ิ[Gdisc]ࢆ㊊ࡋྜ
ࢃࡏࡿࡇ࡜࡛᏶ᡂࡍࡿ㸬  
 
 ࡡࡌࡾ᣺ືࡢゎᯒࣔࢹࣝ
 ࡡࡌࡾ᣺ືゎᯒࣔࢹࣝࡢ⮬⏤ᗘ
 ࡡࡌࡾ᣺ືࡢゎᯒࣔࢹ࡛ࣝࡣ㸪 z㍈࿘ࡾࡢᅇ㌿ゅ șzࡢ 1⮬⏤ᗘࡢࡳࢆᑐ㇟࡜ࡍࡿ㸦ᅗ 2.1
ཧ↷㸧㸬 
 
 ࡡࡌࡾ᣺ືゎᯒࣔࢹࣝࡢ㐠ື᪉⛬ᘧ
 ῶ⾶ຊࡀస⏝ࡋ࡞࠸ሙྜࡢࡡࡌࡾ᣺ືゎᯒࣔࢹࣝࡣ㸪ᘧ㸦2.14㸧࡛⾲ࡉࢀࡿ㸬 
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> @^ ` > @^ ` ^ `TKJ ztzp   TT                          㸦2.14㸧 
[Jp]㸸࣮ࣟࢱࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ⾜ิ㸪ࢧ࢖ࢬ n×n㸪ᑐ⛠⾜ิ 
 [Kt]㸸࣮ࣟࢱࡢࡡࡌࡾ๛ᛶ⾜ิ㸪ࢧ࢖ࢬ n×n㸪ᑐ⛠⾜ิ 
{șz}㸸ゅᗘኚ఩࣋ࢡࢺࣝ㸪ࢧ࢖ࢬ n×1㸪 
^ ` ^ `Tznzzz TTTT ,...,, 21  
{T}㸸ࢺࣝࢡ࣋ࢡࢺࣝ㸪ࢧ࢖ࢬ n×1㸪 
^ ` ^ `TnTTTT ,...,, 21 㸪Tࡣࢺࣝࢡ (Nm) 
 
 ࡡࡌࡾ᣺ືゎᯒࣔࢹࣝ࡟࠾ࡅࡿᅇ㌿㍈ࡢࣔࢹࣝ໬
 ㍈せ⣲ࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ⾜ิ[Jpe]ࡣ㸪ࢧ࢖ࢬ 2×2 ࡢᑐ⛠⾜ิ࡛࠶ࡾ㸪[Jpe]ࡢせ⣲ࡣᘧ
㸦2.15㸧࡛ᐃ⩏ࡉࢀࡿ㸦ᑠᯇ, 2009㸧㸬 
 
  > @
»»
»»
¼
º
««
««
¬
ª
 
36
63
epeepe
epeepe
pe lIlI
lIlI
J UU
UU
                          㸦2.15㸧 
   ȡ㸸ᅇ㌿㍈ࡢᐦᗘ (kg/m3) 
   Ipe㸸ᅇ㌿㍈せ⣲ࡢ᩿㠃 2ḟᴟ࣮࣓ࣔࣥࢺ (m4)㸪 324epe dI S  
   le㸸ᅇ㌿㍈せ⣲ࡢ㛗ࡉ (m) 
 
 ㍈せ⣲ࡢࡡࡌࡾ๛ᛶ⾜ิ[Kte]ࡣ㸪ࢧ࢖ࢬ 2×2ࡢᑐ⛠⾜ิ࡛࠶ࡾ㸪[Kte]ࡢせ⣲ࡣᘧ㸦2.16㸧
࡛ᐃ⩏ࡉࢀࡿ㸦ᑠᯇ, 2009㸧㸬 

  > @
»»
»»
¼
º
««
««
¬
ª


 
e
pe
e
pe
e
pe
e
pe
te
l
GI
l
GI
l
GI
l
GI
K                          㸦2.16㸧 
   G㸸ᶓᙎᛶಀᩘ (N/m2) 
 
ᅇ㌿㍈඲యࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ[Jpshaft]㸦ࢧ࢖ࢬ n×n㸧ࡣ㸪᭤ࡆ᣺ືࣔࢹࣝࡢ㉁㔞⾜ิ࡜ྠ
ᵝ࡟㸪1␒┠ࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ⾜ิ[Jpe1]࠿ࡽ n-1␒┠ࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ⾜ิ[Jpe(n-1) ]ࢆ㔜
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ࡡྜࢃࡏࡿࡇ࡜࡟ࡼࡗ࡚ᵓᡂࡉࢀࡿ㸦ᅗ 2.2ཧ↷㸧㸬ᅇ㌿㍈඲యࡢࡡࡌࡾ๛ᛶ⾜ิ[Kt]ࡶྠᵝ
࡟ࡋ࡚ᵓᡂࡉࢀࡿ㸬ࡇࡇ࡛㸪㔜ࡡྜࢃࡏ࡜ࡣ༢⣧࿴࡛࠶ࡾ㸪ࡤࡡࡢ⤖ྜ᪉ἲ࡛ࡣ୪ิ⤖ྜ
࡟┦ᙜࡍࡿ㸬 
 
 ࡡࡌࡾ᣺ືゎᯒࣔࢹࣝ࡟࠾ࡅࡿࢹ࢕ࢫࢡࡢࣔࢹࣝ໬
1 ࡘࡢࢹ࢕ࢫࢡࡢ᭷㝈せ⣲ࣔࢹࣝࡣࢧ࢖ࢬ 2×2ࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ⾜ิ[Jpdisc]ࡢࡳ࡛ᐃ⩏
ࡉࢀࡿ㸬ᘧ㸦2.17㸧࡟♧ࡉࢀࡿࡼ࠺࡟㸪ᴟ័ᛶ࣮࣓ࣔࣥࢺ⾜ิ[Jpdisc]ࡢせ⣲ࡣᐦᗘ ȡdisc㸪ᅇ
㌿㍈࿘ࡾࡢ᩿㠃 2ḟᴟ࣮࣓ࣔࣥࢺ Ipdisc㸪࠾ࡼࡧཌࡉ tdiscࡢ㛵ᩘ࡜ࡋ࡚ᐃ⩏ࡉࢀࡿ㸬 

> @
»»
»»
¼
º
««
««
¬
ª
 
36
63
discpdiscdiscdiscpdiscdisc
discpdiscdiscdiscpdiscdisc
pdisc tItI
tItI
J UU
UU
                   㸦2.17㸧 
   ȡdisc㸸ࢹ࢕ࢫࢡࡢᐦᗘ (kg/m3) 
   Ipdisc㸸ࢹ࢕ࢫࢡࡢᅇ㌿㍈࿘ࡾࡢ᩿㠃 2ḟᴟ࣮࣓ࣔࣥࢺ (m4)㸪   3244 inoutpdisc DDI  S  
   tdisc㸸ࢹ࢕ࢫࢡࡢཌࡉ (m) 
 
 ࣮ࣟࢱ඲యࡢࡡࡌࡾ᣺ືゎᯒࣔࢹࣝ
 ࣮ࣟࢱ඲యࡢ᭷㝈せ⣲ࣔࢹࣝࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ⾜ิ[Jp]ࡣ㸪ᅇ㌿㍈ࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ
⾜ิ[Jpshaft]ࡢᙜヱ⠇Ⅼ㒊ศ࡟ࢹ࢕ࢫࢡࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ⾜ิ[Jpdisc]ࢆ㊊ࡋྜࢃࡏࡿࡇ࡜࡛
᏶ᡂࡍࡿ㸬࣮ࣟࢱ඲యࡢ᭷㝈せ⣲ࣔࢹࣝࡢࡡࡌࡾ๛ᛶ⾜ิࡣ㸪ᅇ㌿㍈ࡢࡡࡌࡾ๛ᛶ⾜ิ[Kt]
࡜ྠ୍࡛࠶ࡿ㸬 
 
 ⤖ゝ
୰ᐇ෇ᙧ᩿㠃ᙧ≧ࡢᅇ㌿㍈ࢆᣢࡘ࣮ࣟࢱ࡟ࡘ࠸࡚㸪᭤ࡆ᣺ືゎᯒ࡜ࡡࡌࡾ᣺ືゎᯒࡢࡓ
ࡵࡢ㸪1ḟඖᱱࡢ᭷㝈せ⣲ゎᯒࣔࢹࣝࡢࣔࢹࣝ໬᪉ἲ࡟ࡘ࠸࡚ᴫㄝࡋࡓ㸬  
 
ཧ⪃ᩥ⊩
Friswell, M.I., Penny, J. E. T., Garvey, S. D. and Lees, A. W., Dynamics of rotating machines, 
Cambridge University Press, (2010). 
ᑠᯇ ᩗ἞, ᶵᲔᵓ㐀᣺ືᏛ MATLAB࡟ࡼࡿ᭷㝈せ⣲ἲ࡜ᛂ⟅ゎᯒ, ᳃໭ฟ∧ (2009). 
㛗Ụ ಙ㢧, ᚋ⸨ ▱ఙ, ࣮ࣟࢱࡢ᣺ື᪉⛬ᘧ࡟࠾ࡅࡿ≉ᛶ⾜ิࡢᐇ㦂ྠᐃ㸦⌮ㄽ࡜ࢩ࣑ࣗࣞ
࣮ࢩࣙࣥ㸧, ᪥ᮏᶵᲔᏛ఍ㄽᩥ㞟 C ⦅, Vol.79, No.803 (2013), pp.2314-2328. 
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➨ ❶ ㍈┤ᚄኚ໬㒊ࡢ᭤ࡆ๛ᛶࡢ㧗⢭ᗘ໬
 ⥴ゝ
᪤Ꮡࡢ 1ḟඖᱱࡢ᭷㝈せ⣲ゎᯒࣔࢹࣝ㸦௨ୗ㸪1D FEMࣔࢹࣝ࡜⾲グ㸧ࡢࣔࢹࣝ໬᪉ἲ࡛
ࡣ㸪㍈┤ᚄኚ໬㒊࡟࠾ࡅࡿ኱ᚄ㍈᩿㠃࡜ᑠᚄ㍈࡜ࡢᅛᐃᗘపୗࡀ⪃៖ࡉࢀ࡞࠸ࡓࡵ㸪ࡑࡢ
㒊ศࡢ᭤ࡆ๛ᛶࢆ㐣኱ホ౯ࡍࡿࡇ࡜࡟࡞ࡿ㸬1.2.1⠇࡛㏙࡭ࡓ 1Dࣔࢹࣝ࡟࠾ࡅࡿᅇ㌿㍈ࡢ㍈
┤ᚄኚ໬㒊ࡢ᭤ࡆ๛ᛶࡢ㧗⢭ᗘ໬࡟㛵ࡍࡿ᪤Ꮡ◊✲ࡢ࠺ࡕ㸪㧗⏣ࡽ㸦㧗⏣௚, 2009㸧࡟ࡼࡗ
࡚ᥦ᱌ࡉࢀࡓ㸪ᅇ㌿㍈ࡢ㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧ࡟ࡼࡿࡳ࠿ࡅࡢ㍈ࡢ᭤ࡆ๛ᛶపୗࢆ㸪
ᙎᛶኚᙧ┦ᙜࡢ᭤ࡆ๛ᛶࢆᱱࡢ᭤ࡆ๛ᛶ࡟┤ิ⤖ྜࡍࡿ᪉ἲࢆᇶ࡟ࡋ࡚㸪1ḟඖᱱࡢ᭷㝈せ
⣲ἲࡀ㐺⏝ࡉࢀࡓ㍈᣺ືゎᯒ⎔ቃ࡟㐺⏝ࡀᐜ᫆࡞᪉ἲࢆᥦ᱌ࡍࡿ㸬 
3.2⠇࡛ࡣ㸪ᚑ᮶◊✲࡛ࡣ♧ࡉࢀ࡚࠸࡞࠸㍈┤ᚄẚ ȕ࡟ࡘ࠸࡚㸪ᙎᛶኚᙧࢆ⪃៖ࡍ࡭ࡁ኱
ᚄ㒊ࡢᖜᚄẚ h/d0ࡢ⠊ᅖࢆ᳨ウࡍࡿ㸬 
3.3⠇࡛ࡣᥦ᱌ࡍࡿࣔࢹࣝ໬᪉ἲ࡟ࡘ࠸࡚㏙࡭ࡿ㸬ࡲࡎ㸪㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࡢ
➼౯᭤ࡆ๛ᛶ࡟ࡘ࠸᳨࡚ウࡋ㸪ḟ࡟㸪ᚑ᮶◊✲࡛♧ࡉࢀ࡚࠸ࡿ㸪ᅇ㌿ࡤࡡࡢ┤ิ⤖ྜ࡟ࡼ
ࡗ࡚㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧ࡟ࡼࡿࡳ࠿ࡅࡢ㍈ࡢ᭤ࡆ๛ᛶపୗࢆ⪃៖ࡋࡓࣔࢹࣝࢆ㸪
1D FEMࣔࢹࣝࡢሙྜ࡟ࡘ࠸᳨࡚ウࡍࡿ㸬ࡑࡋ࡚㸪ᅇ㌿ࡤࡡࡢ୪ิ⤖ྜ࡟ࡼࡗ࡚㍈┤ᚄኚ໬
㒊᩿㠃ࡢᙎᛶኚᙧ࡟ࡼࡿࡳ࠿ࡅࡢ㍈ࡢ᭤ࡆ๛ᛶపୗࢆ⪃៖ࡋࡓࣔࢹࣝࢆᥦ᱌ࡍࡿ㸬᭱ᚋ࡟㸪
➼౯࡞᭤ࡆ๛ᛶࢆ୚࠼ࡿ㍈ᚄ࡟ࡘ࠸᳨࡚ウࡍࡿ㸬 
3.4⠇࡛ࡣ㸪ᥦ᱌᪉ἲࡢጇᙜᛶࡢ᳨ドࢆ⾜࠺㸬ࡲࡎ㸪ཧ↷࡜ࡍࡿ 3ḟඖ᭷㝈せ⣲ࣔࢹࣝ㸦௨
ୗ㸪3D FEMࣔࢹࣝ࡜⾲グ㸧ࡢ⢭ᗘࢆୖࡆࡿ᪉ἲࢆ㏙࡭ࡿ㸬ḟ࡟㸪᭤ࡆ࣮ࣔࢻࡢᅛ᭷᣺ືᩘ
࡟ࡘ࠸࡚㸪ᥦ᱌᪉ἲࢆ㐺⏝ࡋࡓ 1D FEMࣔࢹࣝ࡟ࡼࡿゎᯒ⤖ᯝ࡜㸪ཧ↷࡜࡞ࡿ 3D FEMࣔ
ࢹࣝ࡟ࡼࡿゎᯒ⤖ᯝࡢẚ㍑ࢆ⾜࠺㸬ࡑࡋ࡚㸪㟼Ⲵ㔜࡟ࡼࡿ᭤ࡆኚᙧ࡟ࡘ࠸࡚㸪3D FEMࣔࢹ
ࣝ࡟ᑐࡍࡿᥦ᱌᪉ἲࢆ㐺⏝ࡋࡓ 1D FEM ࣔࢹࣝࡢゎᯒ⢭ᗘࢆホ౯ࡍࡿ㸬ࡉࡽ࡟㸪᭤ࡆ࣮ࣔ
ࢻࡢᅛ᭷᣺ືᩘࡢᐇ㦂⤖ᯝࢆཧ↷್࡜ࡋ࡚ᥦ᱌᪉ἲࡢጇᙜᛶࢆホ౯ࡍࡿ㸬᭱ᚋ࡟㸪ලయ౛
࡜ࡋ࡚ᐇᶵ┦ᙜࡢゎᯒࣔࢹࣝ࡟ࡘ࠸࡚㸪ᥦ᱌᪉ἲࢆ㐺⏝ࡋࡓሙྜ࡜㐺⏝ࡋ࡞࠸ሙྜࡢ᭤ࡆ
࣮ࣔࢻࡢᅛ᭷᣺ືᩘࢆẚ㍑ࡋ࡚㸪࡝ࡢ⛬ᗘࡢᕪ␗ࡀ⏕ࡌࡿ࠿ࢆ♧ࡍ㸬 
 
 㐺⏝⠊ᅖࡢ᳨ウ
ⴭ⪅ࡀᥦ᱌ࡍࡿ㍈┤ᚄኚ໬㒊ࡢ᭤ࡆ๛ᛶࡢ㧗⢭ᗘ໬ἲࡣ㸪᪤Ꮡ◊✲࡛࠶ࡿ㧗⏣ࡽࡢ᪉ἲ
ࢆᇶ࡟ࡋࡓࡶࡢ࡛࠶ࡿࡓࡵ㸪㐺⏝࡛ࡁࡿ㍈┤ᚄẚ ȕ ࡜኱ᚄ㒊ࡢᖜᚄẚ h/d0ࡢ⠊ᅖࡣ 1.2.1.2
⠇࡛♧ࡋࡓ ȕ=0.3175ࡢሙྜࡣ h/d0  0.2࡛࠶ࡿ㸬᪤Ꮡ◊✲࡛ࡣ㸪ȕࡀ 0.3175࡜␗࡞ࡿሙྜࡢ
ᘧ㸦1.4㸧 ࡀᡂࡾ❧ࡘ h/d0ࡢ⠊ᅖ࡟ࡘ࠸࡚ࡣ᳨ウࡉࢀ࡚࠸࡞࠸ࡓࡵ㸪ᅗ 1.4ࡢ 3ḟඖ᭷㝈せ
⣲ࣔࢹࣝࢆ⏝࠸࡚㸪㍈┤ᚄẚ ȕ=0.3175㸪ȕ=0.5650㸪࠾ࡼࡧ ȕ=0.7874 ࡢሙྜ࡟ࡘ࠸᳨࡚ウࢆ
⾜ࡗࡓ㸬 
ᅗ 1.3 ࡢ 3D FEM ࣔࢹࣝࡢᑍἲࡣ d0=25.4mm㸪l2=12.7mm ࡜ࡋ㸪ᮦᩱ≉ᛶࡣࣖࣥࢢ⋡
E=2.050×1011 N/m2㸪ᶓᙎᛶಀᩘ G=7.880×1010 N/m2㸪࣏࢔ࢯࣥẚ Ȟ=0.3008࡜ࡋࡓ㸬 
3D FEMࣔࢹࣝ࡟ࡼࡿ㸪ᘧ㸦1.2㸧࡟࠾ࡅࡿ Į࡜ h/d0ࡢ㛵ಀࡢ⟬ฟᡭ㡰ࡣḟࡢ㏻ࡾ࡛࠶ࡿ㸬 
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ᅗ 1.3 ࡟࠾࠸࡚ᗙᶆཎⅬࢆ A-A ᩿㠃ࡢ㍈୰ᚰ࡟࠾ࡁ㸪x ㍈࿘ࡾࡢ᭤ࡆ࣮࣓ࣔࣥࢺ M ࡀᑠ
ᚄ㍈ࡢඛ➃ࡢᗙᶆ(0, 0, l2)࡟స⏝ࡋࡓ࡜ࡁࡢ yzᖹ㠃࡟࠾ࡅࡿᑠᚄ㍈ࡢࡓࢃࡳ᭤⥺ࢆồࡵ࡚㸪
ᘧ㸦3.1㸧ࡢ 3ḟᘧ࡛㏆ఝࡍࡿ㸬

   232231 0, lzzczczczy dd                       㸦3.1㸧 
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㍈ࡢ 3D FEM ࣔࢹࣝࡢ⡆౽࡞ࣔࢹࣝ໬᪉ἲ࡜ࡋ࡚㸪㧗ࡉࢆ㍈ࡢ༙ᚄ㸪ᖜࢆ㍈ࡢ඲㛗࡜ࡋࡓ
㛗᪉ᙧࡢᖹ㠃ࢆ௵ពࡢᩘࡢ㛗᪉ᙧせ⣲࡟ศ๭ࡋ㸪ࡇࡢᖹ㠃ࢆ㍈ࡢ୰ᚰ㍈࿘ࡾ࡟ 360rᅇ㌿ࡉ
ࡏ࡚㸪භ㠃యࡢࢯࣜࢵࢻせ⣲ࢆᐃ⩏ࡍࡿ᪉ἲࡀ࠶ࡿ㸬ࡇࡢሙྜ㸪㍈୰ᚰ࡟㏆࠸せ⣲ࡀᴂᙧ
࡟㏆࠸ṇභ㠃య࠿ࡽ࠿ࡅ㞳ࢀࡓᙧ≧࡜࡞ࡿࡓࡵ㸪ᅛ᭷್ゎᯒࡢ⢭ᗘࡀపୗࡍࡿᜍࢀࡀ࠶ࡿ㸬
1D FEMࣔࢹ࡛ࣝࡶせ⣲ศ๭ᩘ࡟ࡼࡗ࡚ᅛ᭷್ゎᯒ⤖ᯝࡀኚ໬ࡍࡿࡀ㸪╔┠ࡍࡿᅛ᭷࣮ࣔࢻ
࡟ᑐࡋ࡚༑ศ࡞せ⣲ᩘࢆ☜ಖࡍࢀࡤ≉࡟୍ᵝ᩿㠃㍈࡛ࡣ㠀ᖖ࡟㧗࠸⢭ᗘ࡛ᅛ᭷್ࢆồࡵࡿ
ࡇ࡜ࡀ࡛ࡁࡿ㸦௜㘓 A-2ཧ↷㸧㸬ࡑࡇ࡛㸪ࡇࡇ࡛ࡣ୍ᵝ᩿㠃㍈ࡢ 1D FEMࣔࢹࣝࡢ᭤ࡆ᣺ື
ࡢᅛ᭷᣺ືᩘࢆཧ↷ࡋ࡚㸪3D FEMࣔࢹࣝࡢࣖࣥࢢ⋡ࢆಟṇࡍࡿ᪉ἲ࡛㧗⢭ᗘ࡞ 3D FEMࣔ
ࢹࣝࢆసᡂࡍࡿ㸬௨ୗ࡟ࡑࡢᡭ㡰ࢆ♧ࡍ㸬 
ࡲࡎ㸪඲㛗 350mm㸪እᚄ 20mmࡢᅗ 3.10࡟♧ࡋࡓ୍ᵝ᩿㠃㍈ࡢ 3D FEMࣔࢹࣝ࡟ࡘ࠸࡚㸪
⮬⏤ᨭᣢ≧ែࡢᅛ᭷್ゎᯒࢆ⾜ࡗ࡚ 4 ḟࡲ࡛ࡢ᭤ࡆ᣺ືࡢᅛ᭷᣺ືᩘࢆồࡵࡿ㸬せ⣲ศ๭
ࡣᚋ㏙ࡢᅗ 3.12ࡢᑠᚄ㒊࡜ྠ୍࡜ࡍࡿ㸬ᮦᩱ≉ᛶࡣࣖࣥࢢ⋡ E=2.09×1011 N/m2㸪ᶓᙎᛶಀᩘ
G= 8.0335×1010 N/m2㸪࣏࢔ࢯࣥẚ Ȟ=0.3008㸪ᐦᗘ ȡ=7846 kg/m3࡜ࡋࡓ㸬 
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E’=2.05175×1011 N/m2࡜ࡋࡓࣔࢹ࡛ࣝ࠶ࡿ㸬1D FEMࣔࢹࣝ࡟ᑐࡍࡿ㸪ࣖࣥࢢ⋡ࢆ⿵ṇࡍࡿ
๓ࡢ 3D FEMࣔࢹࣝࡢᅛ᭷᣺ືᩘࡢㄗᕪࡢ⤯ᑐ್ࡣ᭱኱࡛ 1.02%࡛࠶ࡿࡢ࡟ᑐࡋ࡚㸪ࣖࣥࢢ
⋡ࢆ⿵ṇࡋࡓᚋࡢ 3D FEMࣔࢹࣝࡢᅛ᭷᣺ືᩘࡢㄗᕪࡢ⤯ᑐ್ࡣ᭱኱࡛ 0.09%࡜⣙ 1/11࡟
పῶࡋ࡚࠸ࡿ㸬 


Table 3.1  Comparison of natural frequencies for bending modes of a shaft 
with uniform cross-section between 1D model and 3D model 
                                     Unit: Hz 
Mode 1D Model 3D Model 0 (Error) 3D Model 1 (Error) 
1 743.69 750.04 (0.85%) 743.14 (0.07%) 
2 2018.8 2037.6 (0.93%) 2018.84 (0.00%) 
3 3873.7 3908.8 (0.90%) 3872.85 (0.02%) 
4 6236.7 6300.5 (1.02%) 6242.59 (-0.09%) 
 
 
 ᭤ࡆ࣮ࣔࢻࡢᅛ᭷᣺ືᩘ
ࡇࡇ࡛ࡣ㸪ᅗ 3.12ࡢ(a)࡜(b)࡟♧ࡍ 2✀㢮ࡢ㍈ࢆྲྀࡾୖࡆࡿ㸬 
㍈ Aࡣ 2⟠ᡤ࡟ྠ୍ᚄࡢ኱ᚄ㒊ࢆᣢࡕ㸪㍈ Bࡣ 2⟠ᡤ࡟␗࡞ࡿᚄࡢ኱ᚄ㒊ࢆᣢࡘ㸬㍈ࡢ
ᑍἲࢆ௨ୗ࡟♧ࡍ㸬 
 
࣭Shaft A㸹 ඲㛗 350mm㸪ᑠᚄ㒊እᚄȭ20mm㸪 
኱ᚄ㒊እᚄȭ25.4mm㸦ȕ=0.7874㸧࡜ȭ25.4mm㸦ȕ=0.7874㸧 
኱ᚄ㒊ࡢ఩⨨㸸ᕥ➃࠿ࡽ 57.3mm㹼82.7mm㸦h/d0=1㸧㸪 
162.3mm㹼187.7mm㸦h/d0=1㸧 
࣭Shaft B㸹 ඲㛗 350mm㸪ᑠᚄ㒊እᚄȭ20mm㸪 
኱ᚄ㒊እᚄȭ25.4mm㸦ȕ=0.7874㸧࡜ȭ35.4mm㸦ȕ=0.5650㸧 
኱ᚄ㒊ࡢ఩⨨㸸ᕥ➃࠿ࡽ 57.3mm㹼82.7mm㸦h/d0=1㸧㸪 
162.3mm㹼187.7mm㸦h/d0=0.7175㸧 
 
 
 
 
 
 
 
 
  
 
 
 ᅗ
ᩘ㸧
ࡋࡓ㸬
ᚋ㸧㸪
E=2.0
ࣔࢹࣝ
 
 
 
Fig. 3.1
3.12ࡢ 3D 
ࢆཧ↷ࡋ࡚㸪
㍈ A㸪㍈ B
࣏࢔ࢯࣥẚ
9×1011 N/m2
࡛ࡣᕥ➃࠿
Fig. 3.1
2  3D FEM
FEMࣔࢹࣝ
ᅗ 3.13ࡢ
ඹ࡟㸪3D 
Ȟ=0.3008㸪
㸪࣏࢔ࢯࣥẚ
ࡽ 5㸪10㸪
3  1D FEM
models of sh
ࡢ⮬⏤ᨭᣢ
1D FEMࣔ
FEMࣔࢹࣝ
ᐦᗘ ȡ=7846
Ȟ=0.3008㸪
17㸪22␒┠
models of sh
35 
afts with step
≧ែࡢᅛ᭷
ࢹࣝ࡟ᥦ᱌᪉
ࡢᮦᩱ≉ᛶ
 kg/m3࡜ࡋ
ᐦᗘ ȡ=784
ࡢせ⣲㛗ࢆ
 
 
afts with step
(a) Shaft A
(b) Shaft B
(a) Shaft A
(b) Shaft B
ped cross-se
್ゎᯒ⤖ᯝ
ἲࢆ㐺⏝ࡋ
ࡣࣖࣥࢢ⋡
㸪1D FEMࣔ
6 kg/m3࡜ࡋ
ᘧ㸦3.10㸧
ped cross-se
ctions (Shaft
㸦᭤ࡆ 1ḟ㹼
ࡓሙྜࡢᅛ
E’=2.05175
ࢹࣝࡢᮦᩱ
ࡓ㸬࡞࠾㸪ᅗ
࡟ᚑࡗ࡚ 9d
ctions (Shaft
 
 
 A & B) 
4ḟࡢᅛ᭷
᭷᣺ືᩘࢆ
×1011 N/m2
≉ᛶࡣࣖࣥ
3.13ࡢ 1D
/32࡜ࡋ࡚
 
 
 A & B) 
᣺ື
ホ౯
㸦⿵ṇ
ࢢ⋡
 FEM
࠸ࡿ㸬 
  ᅗ
 
 
 
 
⾲
ᅗ 3.1
㍑ࢆ♧
 
࣭1
࣭1
࣭1
 
 
 
M
 
 
3.14ࡣ㍈ A
3.2ࡣ㸪ᅗ 3
3 (a)ࡢ㍈ A
ࡋࡓࡶࡢ࡛
D Model 1
D Model 2
D Model 3
    
ode 3D Mo
1 763.6
2 2050
3 3964
4 6307
 
ࡢ᭤ࡆ 1ḟ
.12 (a)ࡢ㍈┤
ࡢୗグࡢ 3
࠶ࡿ㸬 
㸸㍈┤ᚄኚ໬
㸸ᑠᇼࡢ᪉ἲ
㸸ᥦ᱌᪉ἲ࡟
Table 3.2
    
del 1D M
4 772.
.9 2064
.3 4027
.7 6382
1s
3r
㹼4ḟࡢᅛ᭷
Fig. 3.14  
ᚄኚ໬㒊ࢆ
ࡘࡢ 1D FE
㒊᩿㠃ࡢᙎ
࡟ࡼࡗ࡚㍈
ࡼࡗ࡚㍈┤
  Compariso
     
odel 1 (Erro
55 (1.17
.1 (0.64
.7 (1.60
.3 (1.18
t mode 
d mode 
36 
࣮ࣔࢻࢆ♧
 
 
 
 
 Eigenmode
᭷ࡍࡿ㍈ A
Mࣔࢹࣝ࡟
ᛶኚᙧࢆ⪃
┤ᚄኚ໬㒊
ᚄኚ໬㒊᩿
n of natural 
      
r) 1D M
%) 772.5
%) 2064
%) 4027
%) 6382
ࡋࡓࡶࡢ࡛
s of Shaft A
ࡢ 3D FEM
ࡘ࠸࡚᭤ࡆ
៖ࡋ࡞࠸ࣔ
᩿㠃ࡢᙎᛶ
㠃ࡢᙎᛶኚ
frequencies o
          
odel 2 (Error
5 (1.17%
.1 (0.64%
.7 (1.60%
.3 (1.18%
࠶ࡿ㸬 
ࣔࢹࣝ㸦ཧ
1ḟ㹼4ḟࡢ
ࢹࣝ 
ኚᙧࢆ⪃៖
ᙧࢆ⪃៖ࡋ
f shaft A 
           
) 1D M
) 767.0
) 2055.
) 3985.
) 6323.
2nd m
4th m
↷ࣔࢹࣝ㸧
ᅛ᭷᣺ືᩘ
ࡋࡓࣔࢹࣝ 
ࡓࣔࢹࣝ 
 Unit: Hz 
odel 3 (Error
9 (0.45%
0 (0.20%
8 (0.54%
7 (0.25%
ode 
ode 
 
 
࡜㸪
ࡢẚ
) 
)
)
)
)
37 
 
㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡋ࡞࠸ 1D Model 1࡛ࡣ᭱኱࡛ 1.60%ࡢㄗᕪࡀ࠶ࡿ㸬
ᅗ 3.13 (a)ࡢ㍈ Aࡢࣔࢹ࡛ࣝࡣ㸪ᘧ㸦1.1㸧ࡢ➼౯᭤ࡆ๛ᛶࢆ୚࠼ࡿ኱ᚄ㒊ࡢ㍈ᚄ deࡀ኱ᚄ
㒊እᚄ d0ࡼࡾ኱ࡁࡃ࡞ࡿࡓࡵ㸪ᑠᇼࡢ᪉ἲࡣ㐺⏝࡛ࡁ࡞࠸㸬ࡑࡢࡓࡵ㸪1D Model 2ࡢᅛ᭷
᣺ືᩘࡣ 1D Model 1࡜ྠ୍ࡢ್࡜࡞ࡗ࡚࠸ࡿ㸬ᥦ᱌᪉ἲ࡟ࡼࡗ࡚㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶ
ኚᙧࢆ⪃៖ࡋࡓ 1D Model 3ࡢㄗᕪࡣ 0.54%௨ୗ࡛࠶ࡿ㸬 
 ⾲ 3.3ࡣ㸪ᅗ 3.12 (b)ࡢ㍈┤ᚄኚ໬㒊ࢆ᭷ࡍࡿ㍈ Bࡢ 3D FEMࣔࢹࣝ㸦ཧ↷ࣔࢹࣝ㸧࡜㸪
ᅗ 3.13 (b)ࡢ㍈ Bࡢ๓㏙ࡢ 3ࡘࡢ 1D FEMࣔࢹࣝ࡟ࡘ࠸࡚᭤ࡆ 1ḟ㹼4ḟࡢᅛ᭷᣺ືᩘࡢẚ
㍑ࢆ♧ࡋࡓࡶࡢ࡛࠶ࡿ㸬 
 
 
Table 3.3  Comparison of natural frequencies of shaft B 
Unit: Hz 
Mode 3D Model 1D Model 1 (Error) 1D Model 2 (Error) 1D Model 3 (Error) 
1 733.33 754.86 (2.94%) 739.64 (0.86%) 731.99 (-0.18%)
2 2034.8 2049.8 (0.74%) 2047.6 (0.63%) 2036.1 (0.06%)
3 3804.9 3924.8 (3.15%) 3841.9 (0.97%) 3812.8 (0.21%)
4 6161.8 6245.6 (1.36%) 6226.5 (1.05%) 6160.2 (-0.03%)
 
 
㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡋ࡞࠸ 1D Model 1࡛ࡣ᭱኱࡛ 3.15%ࡢㄗᕪࡀ࠶ࡿ㸬
ᅗ 3.13 (b)ࡢ㍈ Bࡢࣔࢹࣝ࡟࠾࠸࡚㸪ᕥ➃࠿ࡽ 57.3mm㹼82.7mmࡢ఩⨨࡟࠶ࡿ኱ᚄ㒊࡛ࡣᅗ
3.13 (a)ࡢ㍈ Aࡢࣔࢹࣝ࡜ྠᵝ࡟ᘧ㸦1.1㸧ࡢ➼౯᭤ࡆ๛ᛶࢆ୚࠼ࡿ኱ᚄ㒊ࡢ㍈ᚄ deࡀ኱ᚄ㒊
እᚄ d0ࡼࡾ኱ࡁࡃ࡞ࡿࡓࡵᑠᇼࡢ᪉ἲࡣ㐺⏝࡛ࡁ࡞࠸ࡀ㸪ᕥ➃࠿ࡽ 162.3mm㹼187.7mmࡢ
఩⨨㸦୰ኸ㒊㸧࡟࠶ࡿ኱ᚄ㒊࡛ࡣ deࡀ d0ࡼࡾᑠࡉࡃ࡞ࡿࡓࡵ㸪ᑠᇼࡢ᪉ἲࢆ㐺⏝ࡍࡿࡇ࡜
ࡀ࡛ࡁࡿ㸦deq=31.41 mm㸧㸬ᑠᇼࡢ᪉ἲ࡟ࡼࡗ࡚㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡋࡓ 1D 
Model 2࡛ࡣ㸪᭱኱࡛ 1.05%ࡢㄗᕪࡀ࠶ࡿ㸬ᥦ᱌᪉ἲ࡟ࡼࡗ࡚㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧ
ࢆ⪃៖ࡋࡓ 1D Model 3ࡢㄗᕪࡣ 0.21%௨ୗ࡛࠶ࡿ㸬 
 ࡞࠾㸪㍈ Aࡢ 1D Model 3ࡼࡾ㸪㍈ Bࡢ 1D Model 3ࡢ᪉ࡀᅛ᭷᣺ືᩘࡢㄗᕪࡀᑠࡉ࠸⌮
⏤ࡣ㸪㍈┤ᚄẚ ȕࡢᙳ㡪࡟ࡼࡿࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬3.2⠇࡟♧ࡋࡓࡼ࠺࡟㸪㍈┤ᚄẚ ȕࡀ኱
ࡁ࠸࡯࡝ᘧ㸦1.4㸧࡟ࡼࡿ㏆ఝ⢭ᗘࡀపୗࡍࡿ㸬ࡑࡢࡓࡵ㸪ᥦ᱌᪉ἲࢆ㐺⏝ࡋࡓ 1D Model 3
࡛ࡣ㸪ȕ=0.7874ࡢ㍈┤ᚄኚ໬㒊ࢆ 4⟠ᡤᣢࡘ㍈ Aࡼࡾ㸪ȕ=0.7874࡜ ȕ=0.5650ࡢ㍈┤ᚄኚ໬
㒊ࢆ 2⟠ᡤࡎࡘᣢࡘ㍈ Bࡢ᪉ࡀ⢭ᗘࡢ㧗࠸ࣔࢹࣝ࡜࡞ࡗ࡚࠸ࡿ㸬  
௨ୖ㸪ᅗ 3.13ࡢ㍈┤ᚄኚ໬㒊ࢆ᭷ࡍࡿ 2ࡘࡢ㍈㸪㍈ A࡜㍈ Bࡢ 1D FEMࣔࢹࣝ࡟ࡘ࠸࡚㸪
ᅗ 3.12ࡢ 3D FEMࣔࢹࣝࢆཧ↷ࡋ࡚㸪㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡋ࡞࠸ሙྜ㸪ᑠ
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Table 3.4  Comparison of natural frequencies of shaft C 
  Unit: Hz  
Mode 3D Model 1D Model 1 (Error) 1D Model 2 (Error) 1D Model 3 (Error) 
1 730.28 750.15 (2.72%) 729.84 (-0.06%) 728.62 (-0.23%)
2 2001.2 2005.6 (0.22%) 2003.1 (0.10%) 1999.2 (-0.10%)
3 3743.2 3832.4 (2.38%) 3722.2 (-0.56%) 3740.5 (-0.07%)
4 6080.9 6121.4 (0.67%) 6096.5 (0.26%) 6063.6 (-0.28%)
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Table 3.5  Comparison of natural frequencies of shaft D 
  Unit: Hz  
Mode 3D Model 1D Model 1 (Error) 1D Model 2 (Error) 1D Model 3 (Error) 
1 728.39 750.15 (2.99%) 729.84 (0.20%) 725.61 (-0.38%)
2 2007.2 2005.6 (-0.08%) 2003.1 (-0.20%) 2002.0 (-0.26%)
3 3697.5 3832.4 (3.65%) 3722.2 (0.67%) 3705.8 (0.22%)
4 6035.3 6121.4 (1.43%) 6096.5 (1.01%) 6035.8 (0.01%)
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Table 3.7   Identified natural frequencies of a shaft with stepped corss-section 
under free-free support condition 
                             Unit㸸Hz 
1st mode 2nd mode 3rd mode 4th mode 
Rotor 1 764.23 2052.2 3963.9 6309.0 
Rotor 2 762.59 2050.1 3960.6 6304.4 
Rotor 3 764.37 2054.0 3966.0 6313.3 
Rotor 4 765.77 2055.0 3968.1 6313.5 
Rotor 5 763.97 2052.2 3964.5 6307.5 
Rotor 6 764.52 2054.5 3968.0 6316.8 
Rotor 7 765.19 2054.9 3970.1 6315.6 
Rotor 8 765.64 2055.0 3967.5 6314.0 
Rotor 9 762.50 2048.7 3958.8 6302.0 
Rotor10 766.25 2058.2 3973.6 6324.7 
Rotor11 765.56 2055.3 3970.3 6318.1 
Rotor12 764.20 2055.0 3970.0 6322.2 
Rotor13 764.74 2054.5 3967.1 6315.0 
Rotor14 765.26 2058.1 3973.8 6324.7 
Rotor15 763.59 2049.5 3957.9 6300.9 
Rotor16 764.59 2054.7 3967.3 .06316.8 
Mean 764.56 2053.9 3966.7 6313.7 
ı2 1.140 7.380 21.90 53.74 
3ı 
(Percentage 
against 
mean value) 
3.203 8.150 14.04 21.99 
(0.42%) (0.40%) (0.35%) (0.35%) 
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࠸࡚ࡶ♧ࡋࡓ㸬ᥦ᱌ἲ࡟ࡼࡿ᭤ࡆ 3ḟࡢᅛ᭷᣺ືᩘࡣ㸪㏻ᖖࡢ᪉ἲࡼࡾ⣙ 5%㧗࠸್࡛࠶ࡿ㸬
ཧ⪃࡟㸪᭤ࡆ 1ḟ㹼5ḟࡢᅛ᭷࣮ࣔࢻࢆᅗ 3.23࡟♧ࡍ㸬 


Table 3.9  Natural frequencies of bending modes 
for turbine – generator rotor 
                                  Unit: Hz 
Mode Proposed method Ordinary method 
1 17.026 17.250 (1.32%)
2 17.509 17.708 (1.13%)
3 42.803 44.759 (4.57%)
4 62.921 64.389 (2.33%)
5 65.090 67.220 (3.27%)


 
Fig. 3.23   Eigenmodes of bending vibration for turbine – generator rotor 


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᭤ࡆ࣮࣓ࣔࣥࢺࢆ⧞ࡾ㏉ࡋ㈇Ⲵࡋࡓሙྜࡢᔐࡵྜ࠸㒊ࡢ≧ែࡣ㸪᭤ࡆ࣮࣓ࣔࣥࢺࡢ኱ࡁ
ࡉ࡟ࡼࡗ࡚␗࡞ࡿࡓࡵ㸪ᅗ 4.8ࡢ᭤ࡆ࣮࣓ࣔࣥࢺࡀᑠࡉ࠸ሙྜ࡜ᚋ㏙ࡍࡿ᭤ࡆ࣮࣓ࣔࣥࢺࡀ
኱ࡁ࠸ሙྜ࡟ศࡅ࡚ㄝ᫂ࡍࡿ㸬 
(a) ࢫࢸࢵࣉ 1ࡣ㸪㍈࡟᭤ࡆ࣮࣓ࣔࣥࢺࡀస⏝ࡋ࡚࠸࡞࠸㍈࡟㸪㍈ࡢእᚄࡼࡾᑠࡉ࠸ෆᚄ
ࢆᣢࡘࢫ࣮ࣜࣈࢆᔐࡵྜࢃࡏࡓ≧ែ࡛࠶ࡾ㸪ࢫ࣮ࣜࣈࡢෆᚄࡀᣑࡆࡽࢀࡿࡢ࡟కࡗ࡚
ࢫ࣮ࣜࣈࡀ㍈᪉ྥ࡟ᅽ⦰ࡉࢀࡿࡓࡵࡍ࡭ࡾࡀ⏕ࡌ࡚࠸ࡿ㸬ᦶ᧿ຊ qࡣࢫ࣮ࣜࣈࡢ⦰ࡳ
ࢆ⦆࿴ࡍࡿ᪉ྥ࡟Ⓨ⏕ࡋ㸪ࡑࡢ኱ࡁࡉ|q|ࡣᘧ㸦4.3㸧࡛⾲ࡉࢀࡿ㸬 
 
pq P                              㸦4.3㸧 
ȝ㸸ᦶ᧿ಀᩘ 
p㸸㠃ᅽⲴ㔜 (N) 
 
ࡇࡇ࡛㸪㠃ᅽⲴ㔜 pࡣ㸪㍈࡟స⏝ࡍࡿ᭤ࡆ࣮࣓ࣔࣥࢺ࡟౫Ꮡࡍࡿ㸪ᔐࡵྜ࠸㒊ࡢ㍈ࡢ
ᙎᛶኚᙧࡢᙧ≧࡟ࡼࡗ࡚ኚ໬ࡍࡿࡓࡵ㸪ᘧ㸦4.4㸧࡛⾲ࡍࡇ࡜ࡀ࡛ࡁࡿ㸬 
 
  ppp ' 0                             㸦4.4㸧 
   p0㸸ᔐࡵྜ࠸࡟ࡼࡿ㠃ᅽⲴ㔜 (N) 
   ǻp㸸᭤ࡆ࣮࣓ࣔࣥࢺ࡟ࡼࡿ㠃ᅽⲴ㔜ࡢኚ໬ศ (N) 
 
ǻp ࡣ㸪㍈ࡀฝ࡜࡞ࡿഃࡢࢫ࣮ࣜࣈ➃㒊࡛ࡣ㈇࡜࡞ࡾ㸪㍈ࡀพ࡜࡞ࡿഃࡢࢫ࣮ࣜࣈ➃
㒊࡛ࡣṇ࡜࡞ࡿ㸬ᘧ㸦4.3㸧࡜ᘧ㸦4.4㸧ࡼࡾ㸪ᦶ᧿ຊ q ࡢ኱ࡁࡉ|q|ࡣᘧ㸦4.5㸧࡛⾲ࡉ
ࢀࡿ㸬 
 
   ppq ' 0P                           㸦4.5㸧 
 
ࢫࢸࢵࣉ 1࡛ࡣ᭤ࡆ࣮࣓ࣔࣥࢺࡀస⏝ࡋ࡚࠸࡞࠸ࡓࡵ㸪ᦶ᧿ຊ qࡢ኱ࡁࡉ|q|ࡣ ȝp0࡛
࠶ࡿ㸬 
(b) ᭤ࡆ࣮࣓ࣔࣥࢺࡀᑠࡉ࠸ሙྜࡣ㸪ࢫࢸࢵࣉ 2࡛ࡣ㸪㍈ࡢฝഃ㸦ୗ㠃㸧ࡢࢫ࣮ࣜࣈ➃㒊
ࡢ㠃ᅽࡀపୗࡍࡿࡢ࡟క࠸㍈ࡀ㍈᪉ྥ࡟ఙࡧࡿࡓࡵ㸪ᦶ᧿ຊࡀ᭤ࡆ࣮࣓ࣔࣥࢺ࡟ࡼࡿ
㍈ࡢᘬᙇ᪉ྥࡢࡏࢇ᩿ຊ࡜ྠ୍᪉ྥ࡟స⏝ࡋ࡚ఙࡧ᪉ྥࡢࡍ࡭ࡾࡀ⏕ࡌ㸪㍈ࡢพഃ
㸦ୖ㠃㸧ࡢࢫ࣮ࣜࣈ➃㒊࡛ࡣ᭤ࡆ࣮࣓ࣔࣥࢺ࡟ࡼࡿ㍈ࡢᅽ⦰᪉ྥࡢࡏࢇ᩿ຊࡀ㠃ᅽୖ
᪼࡟కࡗ࡚ቑ኱ࡋࡓ㝈⏺ᦶ᧿ຊࢆୗᅇࡿࡓࡵࡍ࡭ࡾࡣ⏕ࡌ࡞࠸㸬ࢫࢸࢵࣉ 3࡛ࡣ㸪ࢫ
ࢸࢵࣉ 2࡛ୗ㠃࡟⏕ࡌࡓࡍ࡭ࡾࡀಖᣢࡉࢀ㸪ୖ 㠃࡛ࡣࡍ࡭ࡾ↓ࡋࡢ≧ែࡀಖᣢࡉࢀࡿ
ࡓࡵ㸪᭤ࡆࡢ୰❧㠃࡟㏆࠸ഃ㠃ࡣࢫࢸࢵࣉ 1࠿ࡽ≧ែࡀኚ໬ࡋ࡞࠸㸬ࢫࢸࢵࣉ 4࡛ࡣ㸪
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ࢫࢸࢵࣉ 2࡜ྠᵝ࡟㸪㍈ࡢฝഃ㸦ୖ㠃㸧࡛ࡢࡳఙࡧ᪉ྥࡢࡍ࡭ࡾࡀ⏕ࡌࡿ㸬ࢫࢸࢵࣉ
5࡛ࡣ㸪ࢫࢸࢵࣉ 3࡜ྠᵝ࡟ୖ㠃࡜ୗ㠃࡟ࡍ࡭ࡾࡣ⏕ࡌ࡞࠸㸬ࢫࢸࢵࣉ 6௨㝆ࡣ㸪㠃
ᅽࡀపୗࡍࡿ㍈ࡢฝഃ࡟࠾࠸࡚ࡶ㸪᭤ࡆ࣮࣓ࣔࣥࢺ࡟ࡼࡿ㍈ࡢᘬᙇ᪉ྥࡢࡏࢇ᩿ຊࡀ
㝈⏺ᦶ᧿ຊࢆୖᅇࡽ࡞࠸ࡓࡵ㸪ୖୗ㠃ඹࡍ࡭ࡾࡀ⏕ࡌ࡞࠸≧ែ࡜࡞ࡿ㸬 
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Table 4.1  Comparison between analytical natural frequencies of 3D Model of solid shaft and 
analytical natural frequencies of 1D Model 3 of shaft with a sleeve set on it by clearance fit 
                                          Unit: Hz 
Mode 
Analytical 
value of 3D 
Model of 
solid shaft 
Analytical value of 1D 
Model 3 of shaft with a 
sleeve on it by clearance 
fit (difference) 
1 733.33 724.34 (-1.23%) 
2 2034.8 2038.2 (0.17%) 
3 3804.9 3753.9 (-1.34%) 
4 6161.8 6174.5 (0.21%) 
 
 
Table 4.2  Comparison between analytical natural frequencies of 1D Model 3 of solid shaft and 
analytical natural frequencies of 1D Model 3 of shaft with a sleeve set on it by clearance fit 
                                          Unit: Hz 
Mode 
Analytical 
value of 1D 
Model 3 of 
solid shaft 
Analytical value of 1D 
Model 3 of shaft with a 
sleeve on it by clearance 
fit (difference) 
1 731.99 724.34 (-1.05%) 
2 2036.1 2038.2 (0.10%) 
3 3812.8 3753.9 (-1.54%) 
4 6160.2 6174.5 (0.23%) 
 
 
⾲ 4.3ࡣ㸪ᅗ 4.10 (b)ࡢࢯࣜࢵࢻ㍈ࡢ 3ḟඖࣔࢹࣝ㸦3D Model㸧ࡢ᭤ࡆ࣮ࣔࢻࡢᅛ᭷᣺ື
ᩘࡢゎᯒ್࡜ᅗ 4.10 (a)ࡢࡋࡲࡾࡤࡵࡢࢫ࣮ࣜࣈ௜ࡁ㍈ࡢ᭤ࡆ࣮ࣔࢻࡢᅛ᭷᣺ືᩘࡢᐇ㦂್
ࡢẚ㍑ࢆ♧ࡋࡓࡶࡢ࡛࠶ࡾ㸪⾲ 4.4ࡣ㸪ᅗ 4.10 (b)ࡢࢯࣜࢵࢻ㍈ࡢ 1ḟඖࣔࢹࣝ㸦1D Model 3㸧
ࡢ᭤ࡆ࣮ࣔࢻࡢᅛ᭷᣺ືᩘࡢゎᯒ್࡜ᅗ 4.10 (a)ࡢࡋࡲࡾࡤࡵࡢࢫ࣮ࣜࣈ௜ࡁ㍈ࡢ᭤ࡆ࣮ࣔ
ࢻࡢᅛ᭷᣺ືᩘࡢᐇ㦂್ࡢẚ㍑ࢆ♧ࡋࡓࡶࡢ࡛࠶ࡿ㸬ࢯࣜࢵࢻ㍈ࡢ 3D Model ࠾ࡼࡧ 1D 
Model 3ࡢ 1ḟ㹼4ḟࡢ᭤ࡆ࣮ࣔࢻࡢᅛ᭷᣺ືᩘࡢゎᯒ್࡜㸪ࡋࡲࡾࡤࡵࡢࢫ࣮ࣜࣈ௜ࡁ㍈
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࡞್࡜࡞ࡗ࡚࠾ࡾ㸪ୖ㏙ࡋࡓ㸪ゎᯒ࡟ࡼࡿࡍࡁࡲࡤࡵࡢࢫ࣮ࣜࣈ௜ࡁ㍈࡜ࡢẚ㍑࡛☜ㄆࡉ
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Table 4.3  Comparison between analytical natural frequencies of 3D Model of solid shaft and 
measured natural frequencies of shaft with a sleeve set on it by interference fit 
                                     Unit: Hz 
Mode 
Analytical 
value of 3D 
Model of 
solid shaft 
Measured value of 
shaft with a sleeve 
set on it by shrink fit 
(Error) 
1 733.33 731.84 (-0.20%)
2 2034.8 2035.1 (0.01%) 
3 3804.9 3797.4 (-0.20%)
4 6161.8 6160.2 (-0.20%)
 
 
Table 4.4  Comparison between analytical natural frequencies of 1D Model 3 of solid shaft and 
measured natural frequencies of shaft with a sleeve set on it by interference fit 
                                     Unit: Hz 
Mode 
Analytical 
value of 1D 
Model 3 of 
solid shaft 
Measured value of 
shaft with a sleeve 
set on it by shrink fit 
(Error) 
1 731.99 731.84 (-0.02%) 
2 2036.1 2035.1 (-0.05%) 
3 3812.8 3797.4 (-0.40%) 
4 6160.2 6160.2 (0.00%) 
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Fig. 5.14   Eigenmodes of torsional vibration for turbine – generator rotor 
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㛗ࡉ le㸪࠾ࡼࡧẚ౛ῶ⾶ᐃᩘ Ȗ㸦ࡇࢀࡽࢆ⥲⛠ࡋ࡚㍈ࡢᵓᡂࣃ࣓࣮ࣛࢱ࡜࿧ࡪࡇ࡜࡟ࡍࡿ㸧
࡜㸪ࢹ࢕ࢫࢡࡢ㉁㔞 mdisc㸪┤ᚄ㍈࿘ࡾࡢ័ᛶ࣮࣓ࣔࣥࢺ Jdisc㸪࠾ࡼࡧཌࡉ tdisc㸦ࡇࢀࡽࢆ⥲
⛠ࡋ࡚ࢹ࢕ࢫࢡࡢᵓᡂࣃ࣓࣮ࣛࢱ࡜࿧ࡪࡇ࡜࡟ࡍࡿ㸧ࡀᐃࡲࢀࡤ㸪࣮ࣟࢱ඲యࡢ᣺ື᪉⛬
ᘧ࡟࠾ࡅࡿ඲࡚ࡢ≉ᛶ⾜ิ㸪ࡍ࡞ࢃࡕ㉁㔞⾜ิ[Mr]㸪๛ᛶ⾜ิ[Kr]㸪ῶ⾶⾜ิ[Cr]㸪࠾ࡼࡧࢪ
ࣕ࢖ࣟ⾜ิ[Gr]ࢆᐃࡵࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
⮬⏤ᨭᣢࡉࢀࡓ㠀ᅇ㌿᫬ࡢ࣮ࣟࢱ࡟࠾࠸࡚㸪㉁㔞㸪๛ᛶ㸪࠾ࡼࡧῶ⾶ࡢྛ⾜ิࡀᐃࡲࢀ
ࡤ㸪࣮ࣟࢱࡢ㉁㔞㸪㔜ᚰ఩⨨㸪࣮ࣟࢱࡢ㔜ᚰࢆ㏻ࡾᅇ㌿㍈࡟┤஺ࡍࡿ㍈࿘ࡾࡢ୺័ᛶ࣮ࣔ
࣓ࣥࢺ㸪࠾ࡼࡧ࣮ࣟࢱࡢᅇ㌿㍈࿘ࡾࡢᴟ័ᛶ࣮࣓ࣔࣥࢺ㸦ࡇࢀࡽࢆ⥲⛠ࡋ࡚๛య≉ᛶ࡜࿧
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ࡪࡇ࡜࡟ࡍࡿ㸧࡜ᅛ᭷᣺ືᩘ࠾ࡼࡧᅛ᭷࣮ࣔࢻ㸦ࡇࢀࡽࢆ⥲⛠ࡋ࡚ᙎᛶ≉ᛶ࡜࿧ࡪࡇ࡜࡟
ࡍࡿ㸧ࡀ୍ព࡟ᐃࡲࡿ㸬㏫࡟㸪࣮ࣟࢱࡢᑍἲ࡜ᙧ≧ࡀỴࡲࡗ࡚࠸ࢀࡤ㸪๛య≉ᛶ࡜ᙎᛶ≉
ᛶ࠿ࡽ㸪㉁㔞㸪๛ᛶ㸪࠾ࡼࡧῶ⾶ࡢྛ⾜ิ࡟ຍ࠼࡚࣮ࣟࢱࡢࢪࣕ࢖ࣟ⾜ิ࡜๛ᛶ⾜ิࡢᅇ
㌿㏿ᗘ౫Ꮡ㡯ࢆ୍ព࡟ᐃࡵࡿࡇ࡜ࡀ࡛ࡁࡿ㸬ࡇࢀࡀ⌮ㄽୖࡢ୺ᖿࢆ࡞ࡍ㒊ศ࡛࠶ࡾ㸪࣮ࣟ
ࢱࡢ๛య≉ᛶ࡜ᙎᛶ≉ᛶࡀᐇ ྍ⬟࡛࠶ࡿሙྜࡣᐇ㦂࡟ᇶ࡙࠸ࡓ࣮ࣟࢱࡢ≉ᛶ⾜ิࡢྠᐃ
ࢆᐇ⌧ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬  
௨ୗ࡟㸪᣺ືゎᯒࣔࢹࣝࡢ⠇Ⅼ࡜ィ Ⅼࡀྠ୍ࡢሙྜ࡟ࡘ࠸࡚㸪≉ᛶ⾜ิࡢྠᐃ⌮ㄽࡢ
ヲ⣽ࢆ♧ࡍ㸬 
 
 ≉ᛶ⾜ิࡢྠᐃ᪉ἲ
᣺ືゎᯒࣔࢹࣝࡢ඲࡚ࡢ⠇Ⅼࢆィ Ⅼ࡜ࡍࡿࡇ࡜ࡀ࡛ࡁࡿሙྜࡣ㸪㍈せ⣲ࡢ㛗ࡉ le㸪እᚄ
de㸪࠾ࡼࡧẚ౛ῶ⾶ᐃᩘ Ȗ࡜ࢹ࢕ࢫࢡࡢ㉁㔞 mdisc࡜ཌࡉ tdiscࡀ᪤▱࡛࠶ࢀࡤ㸪ᐇ ࡉࢀࡓࣟ
࣮ࢱࡢ๛య≉ᛶ࡜ᙎᛶ≉ᛶ࠿ࡽ㸪඲࡚ࡢ≉ᛶ⾜ิࢆྠᐃࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬ᮍ▱ࡢ㍈ࡢᵓ
ᡂࣃ࣓࣮ࣛࢱࡣ㸪ྛ㍈せ⣲ࡢ㉁㔞ಀᩘ Įm࡜័ᛶಀᩘ Įiࡢ࡝ࡕࡽ࠿୍᪉㸪ࡏࢇ᩿ಀᩘ Ĳ㸪࠾
ࡼࡧ᭤ࡆ๛ᛶ EIࡢ 3ࡘ࡛࠶ࡾ㸪ྠ୍ᮦᩱࡢ㍈࡛ࡣ㸪㍈඲య࡟ࡘ࠸࡚ࡇࢀࡽ 3ࡘࡢࡳࢆồࡵ
ࢀࡤࡼ࠸㸬ᮍ▱ࡢ㍈ࡢᵓᡂࣃ࣓࣮ࣛࢱࢆồࡵࡿၥ㢟ࡣ㍈せ⣲ࡢᐦᗘ ȡ㸪࣏࢔ࢯࣥẚ Ȟ㸪࠾ࡼ
ࡧࣖࣥࢢ⋡ E ࢆồࡵࡿၥ㢟࡜➼౯࡛࠶ࡿ㸬ᮍ▱ࡢࢹ࢕ࢫࢡࡢᵓᡂࣃ࣓࣮ࣛࢱࡣྛࢹ࢕ࢫࢡ
ࡢ┤ᚄ㍈࿘ࡾࡢ័ᛶ࣮࣓ࣔࣥࢺ Jdisc࡛࠶ࡿ㸬 
ᐇ㝿ࡢࡶࡢ࡜୍⮴ࡍ࡭ࡁ࣮ࣟࢱࡢ๛య≉ᛶࡣ㸪඲㉁㔞 m㸪㔜ᚰ఩⨨ zCG㸪㔜ᚰࢆ㏻ࡾᅇ㌿
㍈࡟┤஺ࡍࡿ㍈࿘ࡾࡢ୺័ᛶ࣮࣓ࣔࣥࢺ JCG࡛࠶ࡾ㸪ᴟ័ᛶ࣮࣓ࣔࣥࢺ㸦ᅇ㌿㍈࿘ࡾࡢ୺័
ᛶ࣮࣓ࣔࣥࢺ㸧JpCGࡣ㸪㍈࡜ࢹ࢕ࢫࢡࡢᵓᡂࣃ࣓࣮ࣛࢱ࡟ࡼࡗ࡚ᐃࡲࡿࡓࡵ⪃៖ࡍࡿᚲせࡣ
࡞࠸㸬 
࣮ࣟࢱࡢ㉁㔞࡜ࢹ࢕ࢫࢡࡢ㉁㔞ࡣ⢭ᗘⰋࡃ ᐃྍ⬟࡛࠶ࡾ㸪㔜ᚰ఩⨨ zCG㸪㔜ᚰࢆ㏻ࡾᅇ
㌿㍈࡟┤஺ࡍࡿ㍈࿘ࡾࡢ୺័ᛶ࣮࣓ࣔࣥࢺ JCG㸪ᅛ᭷᣺ືᩘ f㸪ᅛ᭷࣮ࣔࢻ ĳ㸪࠾ࡼࡧẚ౛ῶ
⾶ẚ Ȗࡣ㠀ᅇ㌿᫬ࡢ࣮ࣟࢱࡢ᣺ືヨ㦂࠿ࡽồࡵࡿࡇ࡜ࡀ࡛ࡁࡿ㸬࣮ࣟࢱࡢ๛య≉ᛶࡣ࿘Ἴᩘ
ᛂ⟅㛵ᩘ࠿ࡽồࡵࡿࡇ࡜ࡀ࡛ࡁ㸦Fareed, Wahl, 2001, ኱⇃, Heylen, 2000㸧㸪࣮ࣟࢱࡢᙎᛶ≉ᛶ
ࡶ࿘Ἴᩘᛂ⟅㛵ᩘࢆ⏝࠸ࡿ୍⯡ⓗ࡞ᐇ㦂࣮ࣔࢻゎᯒ࡟ࡼࡗ࡚ồࡵࡿࡇ࡜ࡀ࡛ࡁࡿ㸬࡞࠾㸪
ᅛ᭷࣮ࣔࢻ࡟ࡘ࠸࡚ࡣィ ࡢᐜ᫆ࡉ࡜ィ ⢭ᗘࢆ⪃៖ࡋ࡚୪㐍⮬⏤ᗘࡢࡳࢆ⪃࠼ࢀࡤⰋ࠸㸬 
 
 ᮍ▱ࣃ࣓࣮ࣛࢱࡢྠᐃᡭ㡰
᪤▱ࡢ㍈࡜ࢹ࢕ࢫࢡࡢᵓᡂࣃ࣓࣮ࣛࢱ࡜ᐇ ࡉࢀࡓ๛య≉ᛶ࡜ᙎᛶ≉ᛶ࠿ࡽ㸪ᮍ▱ࡢ㍈
࡜ࢹ࢕ࢫࢡࡢᵓᡂࣃ࣓࣮ࣛࢱࢆồࡵࡿᡭ㡰ࢆ௨ୗ࡟♧ࡍ㸬 
᣺ືゎᯒࣔࢹࣝ࠿ࡽồࡵࡓ๛య≉ᛶ㸦㉁㔞㸪㔜ᚰ఩⨨㸪࠾ࡼࡧ㔜ᚰࢆ㏻ࡾᅇ㌿㍈࡟┤஺
ࡍࡿ㍈࿘ࡾࡢ୺័ᛶ࣮࣓ࣔࣥࢺ㸧࡜ᙎᛶ≉ᛶ㸦ᅛ᭷᣺ືᩘ㸪ᅛ᭷࣮ࣔࢻ㸧ࡢ್࡜㸪㠀ᅇ㌿
᫬ࡢ࣮ࣟࢱࡢ᣺ືヨ㦂࠿ࡽồࡵࡓࡇࢀࡽࡢ್࡜ࡢㄗᕪࢆồࡵ㸪ㄗᕪࡢ஧஌࿴ࡀ᭱ᑠ࡜࡞ࡿ
ࡼ࠺࡞㍈ࡢ㉁㔞ಀᩘ Įmࡲࡓࡣ័ᛶಀᩘ Įi㸪ࡏࢇ᩿ಀᩘ Ĳ㸪᭤ࡆ๛ᛶ EI㸦ᡈ࠸ࡣᐦᗘ ȡ㸪࣏࢔
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ࢯࣥẚ Ȟ㸪ࣖࣥࢢ⋡ E㸧࡜㸪ࢹ࢕ࢫࢡࡢ┤ᚄ㍈࿘ࡾࡢ័ᛶ࣮࣓ࣔࣥࢺ Jdiscࢆồࡵ㸪≉ᛶ⾜ิ
ࢆ෌ᵓᡂࡍࡿࡇ࡜࡟ࡼࡗ࡚ྠᐃࡀ᏶஢ࡍࡿ㸬ྠ୍ᮦᩱࡢ㍈࡛ࡣ㸪ᮍ▱ኚᩘࡣ 3+ ndiscಶ㸦ndisc
ࡣࢹ࢕ࢫࢡࡢᩘ㸧࡛࠶ࡾ㸪ㄗᕪ㛵ᩘࡣ 3+ nf1+ nf2 ×nಶ㸦nf1 ࡣᅛ᭷᣺ືᩘࡢᩘ㸪nf2 ࡣᅛ᭷
࣮ࣔࢻࡢᩘ㸪nࡣ⠇Ⅼᩘ㸧タᐃࡍࡿࡇ࡜ࡀ࡛ࡁ㸪ndiscࡣ n௨ୗ࡛࠶ࡿࡓࡵ 3+ ndisc<3+ nf1+ nf2 ×n
࡜࡞ࡾ㸪᭱ᑠ஧஌ゎࡀᐃࡲࡿ㸬࡞࠾㸪ᐇ㦂࡛ࡣ㸪ᅛ᭷᣺ືᩘࡣ⢭ᗘⰋࡃồࡵࡿࡇ࡜ࡀ࡛ࡁ
ࡿࡀᅛ᭷࣮ࣔࢻࡣᅛ᭷᣺ືᩘ࡟ẚ࡭ࡿ࡜⢭ᗘⰋࡃồࡵࡿࡇ࡜ࡀ࡛ࡁ࡞࠸ሙྜࡀ࠶ࡿ㸬ࡑࡇ
࡛㸪ㄗᕪ㛵ᩘࡢཧ↷್࡜ࡋ࡚᥇⏝ࡍࡿᅛ᭷࣮ࣔࢻ࡜ࡋ࡚⢭ᗘࡢⰋ࠸ࡶࡢࡢࡳࢆ㑅ᢥࡍࡿࡇ
࡜ࢆ⪃៖ࡋ࡚㸪ᅛ᭷᣺ືᩘ࡟㛵ࡍࡿㄗᕪ㛵ᩘࡢᩘ nf1 ࡜ᅛ᭷࣮ࣔࢻ࡟㛵ࡍࡿㄗᕪ㛵ᩘࡢᩘ
nf2 ࢆศࡅ࡚࠸ࡿ㸬
ᐇ ್࡟ᑐࡍࡿ᣺ືゎᯒࣔࢹࣝ࡟ࡼࡿィ⟬್ࡢㄗᕪ㛵ᩘࢆ㸪௨ୗ࡟♧ࡍࡼ࠺࡟ᐇ ್࡟
ᑐࡍࡿẚ࡜ࡋ࡚ᐃ⩏ࡍࡿ㸬ῧ࠼Ꮠࡢ c ࡜ m ࡣࡑࢀࡒࢀィ⟬್㸦calculated value㸧࡜ᐇ ್
㸦measured value㸧ࢆ♧ࡍࡶࡢ࡜ࡍࡿ㸬࡞࠾㸪ᮏㄽᩥ࡛ࡣ⌮ㄽⓗጇᙜᛶࡢࡳ࡟╔┠ࡋ㸪๛య
≉ᛶ࡜ᙎᛶ≉ᛶࡢᐇ ࢹ࣮ࢱ࡟ྵࡲࢀࡿㄗᕪࢆ⪃៖ࡋ࡞࠸ࡶࡢ࡜ࡍࡿ㸬 
 
㸦1㸧㉁㔞㸦࣮ࣟࢱࡢ඲㉁㔞㸧mR (kg)࡟㛵ࡍࡿㄗᕪ㛵ᩘ㸪1ಶ 
  
Rm
RmRc
m m
mme                               (6.1) 
 
㸦2㸧㔜ᚰ఩⨨㸦㍈᪉ྥࡢ㔜ᚰ఩⨨㸧zCG (m) ࡟㛵ࡍࡿㄗᕪ㛵ᩘ㸪1ಶ 
 
mCG
mCGcCG
z z
zz
e
CG
                             (6.2) 
 
㸦3㸧㔜ᚰࢆ㏻ࡾᅇ㌿㍈࡟┤஺ࡍࡿ㍈࿘ࡾࡢ୺័ᛶ࣮࣓ࣔࣥࢺ JCG (kgm2) ࡟㛵ࡍࡿㄗᕪ㛵ᩘ㸪 
1ಶ 
 
CGm
CGmCGc
J J
JJe
CG
                             (6.3) 
 
 
 
 
㸦4㸧ᅛ᭷᣺ືᩘ f (Hz) ࡟㛵ࡍࡿㄗᕪ㛵ᩘ㸪 nf1ಶ 
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㸦5㸧ᅛ᭷࣮ࣔࢻ ĭ࡟㛵ࡍࡿㄗᕪ㛵ᩘ㸪 nf2×nಶ 
 
^ ` ^ ` ^ ` ^ `^ `
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        (6.5) 
 
3+ ndiscಶࡢᮍ▱ኚᩘࢆタィኚᩘ x ࡜ࡋ㸪ୖ㏙ࡢㄗᕪ㛵ᩘ࡟ᐇ ್ࡢಙ㢗ᛶࢆ⪃៖ࡋࡓ㔜
ࡳࢆ௜ࡅࡓࡶࡢࡢ஧஌࿴ࢆ┠ⓗ㛵ᩘ g(x)࡜ࡋ࡚㸪g(x)ࢆ᭱ᑠ໬ࡍࡿ㠀⥺ᙧ᭱ᑠ஧஌ၥ㢟࡬ࡢ
ᐃᘧ໬ࢆ⾜࠺㸬┠ⓗ㛵ᩘ g(x)ࢆḟᘧ࡛ᐃ⩏ࡍࡿ㸬 
 
     ^ `¦
 
 e
n
i
ii xeWxg
1
2                             (6.6) 
   e i (x)㸸i␒┠ࡢㄗᕪ㛵ᩘ㸪i=1, 2, …, ne㸪  ^ ` ^ ` ^ ` TTTfJzm eeeeexe CGCG },,,,{ )  
   Wi㸸i␒┠ࡢ㔜ࡳಀᩘ㸪i=1, 2, …, ne㸪^ ` TneWWWW },...,,{ 21  
   ne㸸ㄗᕪ㛵ᩘࡢᩘ㸪ne=3+ nf1+ nf2 ×n 
 
ࡇࡇ࡛㸪㔜ࡳಀᩘ Wiࡢ್ࡣ㸪ࡑࢀࡒࢀࡢㄗᕪ㛵ᩘ࡟ࡘ࠸࡚㸪ᐇ ್ࡢಙ㢗ᛶࡸ㏲ḟィ⟬ࡢ
཰᮰ᛶ࡞࡝ࢆ⪃៖ࡋ࡚Ỵᐃࡍࡿ㸬 
 ௨ୖࡢ‽ഛࡢୗ㸪Trust Region Reflective Newton Method㸦Coleman and Li, 1996㸧࡞࡝ࡢไ
⣙᮲௳௜ࡁ᭱ᑠ஧஌ἲࡸ Simplex Search Method㸦Lagarias, et al., 1998㸧࡞࡝ࡢไ⣙࡞ࡋ᭱ᑠ
஧஌ἲࢆ㐺⏝ࡋ࡚㸪┠ⓗ㛵ᩘ g(x)ࢆ᭱ᑠ໬ࡍࡿᮍ▱ኚᩘࡢ᭱㐺್ࢆồࡵࡿࡇ࡜࡟ࡼࡗ࡚㸪᭱
㐺໬ࣃ࣓࣮ࣛࢱࡢ㑅ᐃ࡟ゎᯒ⪅ࡢពᛮࡀ௓ᅾࡋ࡞࠸᣺ືゎᯒࣔࢹࣝࡢ㧗⢭ᗘ໬ࢆᐇ⌧ࡍࡿ
ࡇ࡜ࡀ࡛ࡁࡿ㸬࡞࠾㸪ไ⣙᮲௳ࡢ᭷↓࡟㛵ࢃࡽࡎ㸪᭱ᑠ஧஌ゎࢆᚓࡿࡓࡵ࡟㏲ḟィ⟬ᅇᩘ
ࡸチᐜㄗᕪ࡞࡝ࡢ᮲௳ࢆணࡵᣦᐃࡋ࡚࠾ࡃᚲせࡀ࠶ࡿ㸬ࡑࡢ௚࡟㸪ไ⣙᮲௳௜ࡁ᭱ᑠ஧஌
ἲ࡛ࡣ᥎ ࡉࢀࡿᮍ▱ኚᩘࡢㄗᕪ⠊ᅖࢆไ⣙᮲௳㸦ୖୗ㝈್㸧࡜ࡋ࡚஦๓࡟タᐃࡍࡿᚲせ
ࡀ࠶ࡾ㸪ไ⣙࡞ࡋ᭱ᑠ஧஌ἲ࡛ࡣᮍ▱ኚᩘࡢ᥎ᐃㄗᕪ࡜ẚ㍑ࡍࡿ࡞࡝ࡋ࡚ᚓࡽࢀࡓゎࡢጇ
ᙜᛶࢆ☜ㄆࡍࡿᚲせࡀ࠶ࡿ㸬 
ᅗ 6.1ࡣ㸪ไ⣙᮲௳௜ࡁ᭱ᑠ஧஌ἲ࡟ࡼࡿタィኚᩘࡢ᭱㐺໬ࡢࣇ࣮ࣟࢆ♧ࡋࡓࡶࡢ࡛࠶ࡿ㸬  
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(1) ࣮ࣟࢱࡢ඲㉁㔞 mRmࢆ ᐃࡍࡿ㸬 
(2) ⮬⏤ᨭᣢࢆᶍᨃࡋࡓ≧ែࡢ࣮ࣟࢱࡢ᣺ືヨ㦂ࢆ⾜ࡗ࡚࿘Ἴᩘᛂ⟅㛵ᩘࢆィ ࡍࡿ㸬 
(3) ࿘Ἴᩘᛂ⟅㛵ᩘ࠿ࡽ㸪㔜ᚰ఩⨨ zCGm࡜㔜ᚰࢆ㏻ࡾᅇ㌿㍈࡟┤஺ࡍࡿ㍈࿘ࡾࡢ୺័ᛶ
࣮࣓ࣔࣥࢺ JCGm ࢆồࡵࡿ㸬 
(4) ࿘Ἴᩘᛂ⟅㛵ᩘ࠿ࡽ㸪ᅛ᭷᣺ືᩘ fm࡜ᅛ᭷࣮ࣔࢻ ĭmࢆồࡵࡿ㸦ᐇ㦂࣮ࣔࢻゎᯒ㸧㸬 
(5) ࣮ࣟࢱࡢ᭤ࡆ᣺ືゎᯒࣔࢹࣝࢆసᡂࡋ㸪タィኚᩘ㸦ྛ㍈せ⣲ࡢ㉁㔞ಀᩘ Įmࡲࡓࡣ័
ᛶಀᩘ Įi㸪ࡏࢇ᩿ಀᩘ Ĳ㸪᭤ࡆ๛ᛶ EI㸪ྛࢹ࢕ࢫࢡせ⣲ࡢ┤ᚄ㍈࿘ࡾࡢ័ᛶ࣮࣓ࣔࣥ
ࢺ Jdisc㸧ࢆồࡵࡿ㸬 
(6) ࣮ࣟࢱࡢ᭤ࡆ᣺ືゎᯒࣔࢹࣝࡢ඲㉁㔞 mRc࡜㔜ᚰ఩⨨ zCGcࢆồࡵࡿ㸬 
(7) ᅛ᭷್ゎᯒࢆ⾜ࡗ࡚ᅛ᭷᣺ືᩘ fc࡜ᅛ᭷࣮ࣔࢻ ĭcࢆồࡵࡿ㸬 
(8) 㔜ࡳಀᩘ W㸪┠ⓗ㛵ᩘࡢチᐜ್㸪᭱ ኱㏲ḟィ⟬ᅇᩘ㸪タィኚᩘࡢୖୗ㝈್ࢆỴࡵࡿ㸬 
(9) ㉁㔞 mR㸪㔜ᚰ఩⨨ zCG㸪㔜ᚰࢆ㏻ࡾᅇ㌿㍈࡟┤஺ࡍࡿ㍈࿘ࡾࡢ୺័ᛶ࣮࣓ࣔࣥࢺ JCG㸪
ᅛ᭷᣺ືᩘ f㸪ᅛ᭷࣮ࣔࢻ ĭ࡟㛵ࡍࡿㄗᕪ㛵ᩘ࡜㔜ࡳಀᩘ W࠿ࡽ㸪ᘧ㸦6.6㸧ࡢ┠ⓗ
㛵ᩘ g(x)ࢆタᐃࡍࡿ㸬 
(10) ┠ⓗ㛵ᩘ g(x)ࡢ್ࡀチᐜ್ᮍ‶࡛࠶ࡿ࠿ࢆุᐃࡍࡿ㸬 
(11) ┠ⓗ㛵ᩘ g(x)ࡢ್ࡀチᐜ್௨ୖ࡛࠶ࢀࡤ㸪㏲ḟィ⟬ᅇᩘࡀ᭱኱㏲ḟィ⟬ᅇᩘᮍ‶࡛࠶
ࡿ࠿ࢆุᐃࡍࡿ㸬 
(12) ㏲ḟィ⟬ᅇᩘࡀ㏲ḟィ⟬ᅇᩘᮍ‶࡛࠶ࢀࡤ㸪ୖୗ㝈್ෆ࡛タィኚᩘࢆኚ໬ࡉࡏࡿ㸬 
(13) ᪂ࡓ࡞タィኚᩘ࠿ࡽ㸪࣮ࣟࢱࡢ᭤ࡆ᣺ືゎᯒࣔࢹࣝࢆồࡵࡿ㸬 
(14) ௨ୗ㸪(6)㸪(7)㸪(9)㸪(10)㸪(11)㸪(12)㸪(13)ࡢᡭ㡰ࢆ㸪┠ⓗ㛵ᩘࡀチᐜ್ᮍ‶࡜࡞ࡿ
ࡲ࡛㸪ᡈ࠸ࡣ㏲ḟィ⟬ᅇᩘࡀ᭱኱㏲ḟィ⟬ᅇᩘ௨ୖ࡜࡞ࡿࡲ࡛⧞ࡾ㏉ࡋ㸪タᐃࡋࡓ
᮲௳࡟࠾࠸࡚᭱㐺࡞࣮ࣟࢱࡢ᭤ࡆ᣺ືゎᯒࣔࢹࣝࢆồࡵࡿ㸬 
 
 ๛య≉ᛶ࡜ᙎᛶ≉ᛶ࡟㛵ࡍࡿᶍᨃࡢᐇ ್࡟ࡼࡿㄗᕪࢆᣢࡘゎᯒࣔࢹࣝࡢ㧗⢭ᗘ໬
 ࡇࡇ࡛ࡣ㸪㧗⢭ᗘ໬ࡢᑐ㇟࡜ࡋ࡚ 4 ẁࡢ㐲ᚰᅽ⦰ᶵ࣮ࣟࢱࡢࣔࢹࣝࢆᢅ࠸㸪᭤ࡆ᣺ືࡢ
ࡳ࡟╔┠ࡍࡿ㸬➨ 3 ❶࡛♧ࡋࡓ㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧ࡟ࡼࡿࡳ࠿ࡅࡢ㍈ࡢ᭤ࡆ๛ᛶ
పୗ࡟ࡘ࠸࡚ࡣ↓どࡍࡿ㸬 

 ᣺ືゎᯒࣔࢹࣝ
㐲ᚰᅽ⦰ᶵ࣮ࣟࢱࡢ᣺ືゎᯒࣔࢹࣝࢆᅗ6.2࡟♧ࡍ㸬࣮ࣟࢱࡣ19ࡢ⠇Ⅼࢆᣢࡘ㛗ࡉ350mm
ࡢ㍈࡜⠇Ⅼ 7, 9, 11, 13࡟ྲྀࡾ௜ࡅࡽࢀࡓ 4ᯛࡢࢹ࢕ࢫࢡ࡛ᵓᡂࡉࢀ࡚࠾ࡾ㸪㍈࡜ࢹ࢕ࢫࢡࡣ
ࡑࢀࡒࢀ⾲ 6.1 ࡜⾲ 6.2 ࡟♧ࡍᑍἲࢆᣢࡘ㸬㍈ࡢᮦᩱ≉ᛶ್ࡣᐦᗘ 7800kg/m3㸪ࣖࣥࢢ⋡
211GPa㸪࣏࢔ࢯࣥẚ 0.3㸦ᶓᙎᛶಀᩘ 81.154GPa㸧࡛࠶ࡿ㸬ࢹ࢕ࢫࢡࡢᐦᗘࡣࢹ࢕ࢫࢡ 1࠿
ࡽ㡰࡟ࡑࢀࡒࢀ 2600 kg/m3㸪2600 kg/m3㸪2437.5 kg/m3㸪2294.1 kg/m3࡛࠶ࡿ㸬௨ୗ㸪ࡇࡢࣔ
ࢹࣝࢆ࢜ࣜࢪࢼࣝࣔࢹࣝ࡜࿧ࡪࡇ࡜࡟ࡍࡿ㸬 
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Table 6.3   Design variables of original and initial model 
 ȡ (kg/m3) 
E 
(Pa) Ȟ 
Jdisc1 
(kgm2) 
Jdisc2 
(kgm2) 
Jdisc3 
(kgm2) 
Jdisc4 
(kgm2) 
Original 
model 7800 2.110×10
11 0.30 4.56064×105 4.77992×105 5.10716×105 5.20738×105
Initial 
model 7020 2.321×10
11 0.33 5.01670×105 5.25791×105 5.61788×105 5.72812×105
 
 
࢜ࣜࢪࢼࣝࣔࢹࣝ࠿ࡽࢩ࣑࣮ࣗࣞࢺࡋࡓ㸪๛య≉ᛶ࡜ᙎᛶ≉ᛶ࡟㛵ࡍࡿㄗᕪࢆᣢࡓ࡞࠸
ᶍᨃࡢᐇ ್࡜ࢹ࢕ࢫࢡࡢ㉁㔞࡟㛵ࡍࡿ᝟ሗ࠿ࡽ㸪ᥦ᱌ᡭἲ࡟ࡼࡗ࡚ึᮇࣔࢹࣝࡢ㍈ࡢᐦ
ᗘ ȡ㸪࣏࢔ࢯࣥẚ Ȟ㸪࠾ࡼࡧࣖࣥࢢ⋡ E࡜ࢹ࢕ࢫࢡࡢ┤ᚄ㍈࿘ࡾࡢ័ᛶ࣮࣓ࣔࣥࢺ Jdiscࡢ᭱
㐺್ࢆồࡵ࡚ྠᐃࡋࡓ≉ᛶ⾜ิ࠿ࡽィ⟬ࡉࢀࡿ๛య≉ᛶ࡜ᙎᛶ≉ᛶࢆ㸪࢜ࣜࢪࢼࣝࣔࢹࣝ
ࡢࡶࡢ࡜ẚ㍑ࡋࡓ㸬ࡇࡇ࡛㸪3+ ndisc=7 ಶࡢᮍ▱ኚᩘ㸦ࢹ࢕ࢫࢡࡢᩘ ndisc=4㸧࡟ᑐࡋ࡚㸪ᅛ
᭷᣺ືᩘࡢᩘࢆ nf1 =3㸪ᅛ᭷࣮ࣔࢻࡢᩘࢆ nf2 =1࡜ࡋ࡚㸪3+ nf1+ nf2 ×n=25ಶ㸦⠇Ⅼᩘ n=19㸧
ࡢㄗᕪ㛵ᩘࢆタᐃࡋࡓ㸬ࡲࡓ㸪㔜ࡳಀᩘ Wࡣ㸪㉁㔞 mR 㸪㔜ᚰ఩⨨ zCG㸪㔜ᚰࢆ㏻ࡾᅇ㌿㍈
࡟┤஺ࡍࡿ㍈࿘ࡾࡢ୺័ᛶ࣮࣓ࣔࣥࢺ JCG㸪ᅛ᭷᣺ືᩘ f㸪ᅛ᭷࣮ࣔࢻ ĭ࡟ࡘ࠸࡚ࡑࢀࡒࢀ㸪
1000㸪1000㸪2000㸪1000㸪50 ࡜ࡋࡓ㸬ྠᐃࡉࢀࡓ᣺ືゎᯒࣔࢹࣝࢆྠᐃࣔࢹࣝ࡜࿧ࡪࡇ࡜
࡟ࡍࡿ㸬 
࢜ࣜࢪࢼࣝࣔࢹࣝ㸪ึᮇࣔࢹࣝ㸪࠾ࡼࡧྠᐃࣔࢹࣝ࡟㛵ࡍࡿ๛య≉ᛶ࡜ᅛ᭷᣺ືᩘࢆ㸪
࢜ࣜࢪࢼࣝࣔࢹࣝ࡟ᑐࡍࡿㄗᕪ࡜ඹ࡟ࡑࢀࡒࢀ⾲ 6.4࡜⾲ 6.5࡟♧ࡍ㸬ࡲࡓ㸪࢜ࣜࢪࢼࣝࣔ
ࢹࣝ࡟ᑐࡍࡿᅛ᭷࣮ࣔࢻࡢMAC್㸦Balmes and Leclere, 2006㸧ࡣ㸪ึᮇࣔࢹ࡛ࣝࡣ➨ 1ḟ
࣮ࣔࢻ࠿ࡽ㡰࡟ࡑࢀࡒࢀ 0.9998㸪0.9993㸪0.9989㸪0.9990࡛࠶ࡾ㸪ྠᐃࣔࢹ࡛ࣝࡣࡑࢀࡒࢀ
1.0000㸪1.0000 㸪1.0000 㸪1.0000 ࡛࠶ࡿ㸬ࡇࢀࡽࡢ⤖ᯝ࠿ࡽ㸪ྠᐃࣔࢹࣝࡢ๛య≉ᛶ࡜ᙎ
ᛶ≉ᛶࡣ࢜ࣜࢪࢼࣝࣔࢹࣝ࡜୍⮴ࡋ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿ㸬 
 
 
Table 6.4  Rigid properties for centrifugal compressor 










 mc (kg) 
zCGc 
(m) 
JCGc 
(kgm2) 
JpCGc 
(kgm2) 
Original 
Model 0.84821 0.17593 3.574×10
-3 3.859×10-4 
Initial Model 
(Error) 
0.81559 
(-3.836%)
0.17597
(0.023%)
3.314×10-3
(-7.269%)
4.246×10-4 
(10.020%) 
Identified 
Model 
(Error) 
0.84821 
(0.000%)
0.17593
(0.000%)
3.574×10-3 
(0.000%) 
3.859×10-4 
(0.000%) 
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Table 6.5  Natural frequencies for centrifugal compressor rotor 
 







⠇Ⅼ 2࡜⠇Ⅼ 18࡟ྠ୍ࡢ➼౯ᨭᣢ๛ᛶࢆᣢࡘ㍈ཷࢆ㓄ࡋࡓ࣮ࣟࢱ㸫㍈ཷ⣔࡟࠾࠸࡚㸪ࢪ
ࣕ࢖ࣟຠᯝࡀ⌧ࢀ࡞࠸࣮ࣟࢱࡢᅇ㌿ᩘ 0#N rpm ࡢሙྜ࡜ࢪࣕ࢖ࣟຠᯝࡀ⌧ࢀࡿ 000,18 N
rpmࡢሙྜ࡟࠾ࡅࡿ➨4ḟ࣮ࣔࢻࡲ࡛ࡢ༴㝤㏿ᗘ࣐ࢵࣉࢆ㸪࢜ࣜࢪࢼࣝࣔࢹࣝ㸪ึ ᮇࣔࢹࣝ㸪
࠾ࡼࡧྠᐃࣔࢹࣝ࡟ࡘ࠸࡚ẚ㍑ࡋࡓࡶࡢࢆᅗ 6.3࡟♧ࡍ㸬ึ ᮇࣔࢹࣝࡢ୙ῶ⾶ᅛ᭷᣺ືᩘࡣ㸪
㠀ᅇ㌿᫬࡜ࢪࣕ࢖ࣟస⏝ࡀാࡃ㧗㏿ᅇ㌿᫬ࡢ཮᪉࡟࠾࠸࡚㸪࢜ࣜࢪࢼࣝࣔࢹࣝ࡜᫂☜࡞ᕪ
␗ࡀㄆࡵࡽࢀࡿ㸬୍᪉㸪ྠᐃࣔࢹࣝࡢ୙ῶ⾶ᅛ᭷᣺ືᩘࡣ㸪㠀ᅇ㌿᫬ࡔࡅ࡛࡞ࡃ㧗㏿ᅇ㌿
᫬࡟࠾࠸࡚ࡶ࢜ࣜࢪࢼࣝࣔࢹࣝ࡜୍⮴ࡋ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿ㸬 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 1st Mode(Hz)  
2nd Mode
(Hz) 
3rd Mode
(Hz) 
4th Mode 
 (Hz) 
Original Model 444.87 954.00 1773.9 2741.9 
Initial Model 
(Error) 
486.15 
(9.279%)
1025.5 
(7.495%)
1878.2
(5.880%)
2886.5 
(5.274%) 
Identified Model 
(Error) 
444.87 
(0.000%)
954.00 
(0.000%)
1773.9
(0.000%)
2741.9 
(0.000%) 
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1ḟඖᱱࡢ᭷㝈せ⣲ἲࡀ㐺⏝ࡉࢀࡓ࣮ࣟࢱࡢ㍈᣺ືゎᯒࣔࢹࣝ࡟࠾࠸࡚㸪᭤ࡆ᣺ືゎᯒࣔ
ࢹࣝࡢ㧗⢭ᗘ໬࡟ᐤ୚ࡍࡿ㸪㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡋࡓࣔࢹࣝ໬᪉ἲ㸪ᔐࡵ
ྜ࠸㒊ࡢࣔࢹࣝ໬᪉ἲ㸪࠾ࡼࡧ᣺ືヨ㦂⤖ᯝ࡟ᇶ࡙࠸࡚᣺ືゎᯒࣔࢹࣝࢆ㧗⢭ᗘ໬ࡍࡿ᪉
ἲ࡜㸪ࡡࡌࡾ᣺ືゎᯒࣔࢹࣝࡢ㧗⢭ᗘ໬࡟ᐤ୚ࡍࡿ㸪㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖
ࡋࡓࣔࢹࣝ໬᪉ἲࢆ☜❧ࡋࡓ㸬 
᭤ࡆ᣺ືゎᯒࣔࢹࣝࡢ㧗⢭ᗘ໬࡛ࡣ㸪㍈┤ᚄኚ໬㒊ࡢᑠᚄ㍈ഃ࡟タࡅࡓ㛗ࡉ 9d/32㸦d ࡣ
ᑠᚄ㍈ࡢ┤ᚄ㸧ࡢせ⣲ࡢ᭤ࡆ๛ᛶࢆ㐺ษ࡟ᙅࡵࡿࡇ࡜࡟ࡼࡗ࡚㸪㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶ
ኚᙧ࡟ࡼࡿࡳ࠿ࡅࡢ㍈ࡢ᭤ࡆ๛ᛶపୗࢆ⾲⌧ࡍࡿ᪉ἲࢆ㛤Ⓨࡋ㸪3ḟඖゎᯒࣔࢹࣝ࡜ᐇ㦂࡟
ࡼࡗ࡚㧗⢭ᗘ໬ࡢຠᯝࢆ☜ㄆࡋࡓ㸬ࡲࡓ㸪ᔐࡵྜ࠸㒊ࡢ➼౯࡞᭤ࡆ๛ᛶࢆ୚࠼ࡿ㍈ࡢእᚄ
ࡀ㸪ᔐࡵྜࢃࡏࡿࢫ࣮ࣜࣈࡢእᚄ࡜࡯ࡰ୍⮴ࡍࡿࡇ࡜ࢆ㸪ᔐࡵྜ࠸㒊ࡢᦶ᧿ࢆ⪃៖ࡋࡓ㠀
⥺ᙧ㟼ゎᯒ᥋ゐ࡜ᐇ㦂࡟ࡼࡗ࡚♧ࡋࡓ㸬ࡉࡽ࡟㸪᣺ືヨ㦂⤖ᯝ࡟ᇶ࡙࠸࡚᣺ືゎᯒࣔࢹࣝ
ࢆ㧗⢭ᗘ໬ࡍࡿ᪉ἲ࡜ࡋ࡚ࡣ㸪㉁㔞㸪㔜ᚰ఩⨨㸪័ᛶ࣮࣓ࣔࣥࢺ㸪ᅛ᭷᣺ືᩘ㸪࠾ࡼࡧᅛ
᭷࣮ࣔࢻ࡟㛵ࡍࡿ᝟ሗࢆཧ↷ࢹ࣮ࢱ࡜ࡋ࡚㸪ㄗᕪࢆྵࢇࡔ඲࡚ࡢᮦᩱ≉ᛶ್ࢆྠ᫬࡟㧗⢭
ᗘ໬ࡋ㸪᣺ື᪉⛬ᘧ࡟࠾ࡅࡿ඲࡚ࡢ≉ᛶ⾜ิ㸦㉁㔞⾜ิ㸪ῶ⾶⾜ิ㸪๛ᛶ⾜ิ㸪࠾ࡼࡧࢪ
ࣕ࢖ࣟ⾜ิ㸧ࢆྠᐃࡍࡿ᪉ἲࢆ㛤Ⓨࡋ㸪ཧ↷ࢹ࣮ࢱ࡟ㄗᕪࡀ↓࠸ሙྜ࡟ࡣ㸪ㄗᕪࡀ↓ど࡛
ࡁࡿ࡯࡝㧗⢭ᗘ࡟≉ᛶ⾜ิࢆྠᐃ࡛ࡁࡿࡇ࡜ࢆ♧ࡋࡓ㸬 
ࡡࡌࡾ᣺ືゎᯒࣔࢹࣝࡢ㧗⢭ᗘ໬࡛ࡣ㸪㍈┤ᚄኚ໬㒊ࡢᑠᚄ㍈ഃ࡟タࡅࡓ㛗ࡉ
3ʌd/{64(1+0.3382ȕ3+0.0815ȕ5+0.1144ȕ6+0.0125ȕ7)}㸦ȕࡣᑠᚄ㍈࡜኱ᚄ㍈ࡢ┤ᚄẚ㸪ȕ<1㸧ࡢせ
⣲ࡢࡡࡌࡾ๛ᛶࢆ㐺ษ࡟ᙅࡵࡿࡇ࡜࡟ࡼࡗ࡚㸪㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧ࡟ࡼࡿࡳ࠿ࡅ
ࡢ㍈ࡢࡡࡌࡾ๛ᛶపୗࢆ⾲⌧ࡍࡿ᪉ἲࢆ㛤Ⓨࡋ㸪3ḟඖゎᯒࣔࢹࣝ࡟ࡼࡗ࡚㧗⢭ᗘ໬ࡢຠᯝ
ࢆ☜ㄆࡋࡓ㸬 
᭤ࡆ᣺ືゎᯒࣔࢹࣝ࡜ࡡࡌࡾ᣺ືゎᯒࣔࢹࣝࡢࡑࢀࡒࢀ࡟࠾࠸࡚㸪㍈┤ᚄኚ໬㒊᩿㠃ࡢ
ᙎᛶኚᙧࢆ⪃៖ࡍࡿ᪉ἲࡣ㸪ᗈࡃᬑཬࡋ࡚࠸ࡿ 1 ḟඖᱱࡢ㍈᣺ືゎᯒ⎔ቃ࡟㸪ィ⟬㈇Ⲵࢆ
≛≅࡟ࡍࡿࡇ࡜࡞ࡃᐜ᫆࡟㐺⏝࡛ࡁ㸪ᅇ㌿ᶵᲔࡢタィࡸ᣺ືၥ㢟ࡢᑐ⟇᳨ウ࡛㔜せ࡞ᅛ᭷
᣺ືᩘࡢண ⢭ᗘࢆ㧗ࡵࡿࡇ࡜ࡀ࡛ࡁࡿ㸬ࡲࡓ㸪ලయ౛࡜ࡋ࡚ᐇᶵ┦ᙜࡢࢱ࣮ࣅࣥ㸫Ⓨ㟁
ᶵ࣮ࣟࢱࢆྲྀࡾୖࡆ࡚㸪ࡑࡢ᭤ࡆ᣺ືゎᯒࣔࢹࣝ࡟㛤Ⓨࡋࡓ᪉ἲࢆ㐺⏝ࡍࡿࡇ࡜࡟ࡼࡗ࡚㸪
పḟ࣮ࣔࢻࡢᅛ᭷᣺ືᩘࡀᚑ᮶ἲ࡟ᑐࡋ࡚᭱኱࡛⣙ 5%పୗࡍࡿࡇ࡜ࢆ☜ㄆࡋ㸪ࡡࡌࡾ᣺ື
ゎᯒࣔࢹࣝ࡟㛤Ⓨࡋࡓ᪉ἲࢆ㐺⏝ࡍࡿࡇ࡜࡟ࡼࡗ࡚㸪పḟ࣮ࣔࢻࡢᅛ᭷᣺ືᩘࡀᚑ᮶ἲ࡟
ᑐࡋ࡚᭱኱࡛⣙ 2%పୗࡍࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸬 
㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡍࡿ᪉ἲ࡜ᔐࡵྜ࠸㒊ࡢ᭤ࡆ๛ᛶࢆࢫ࣮ࣜࣈእᚄ࡜
ࡍࡿ᪉ἲࢆ㸪1ḟඖᱱࡢ㍈᣺ືゎᯒ⎔ቃ࡟㐺⏝ࡍࡿࡇ࡜࡟ࡼࡗ࡚㸪ィ⟬㈇Ⲵࡀᑠࡉࡃ㧗⢭ᗘ
࡞᭤ࡆ᣺ືゎᯒ࡜ࡡࡌࡾ᣺ືゎᯒࢆᐇ⌧࡛ࡁࡿ㸬ࡲࡓ㸪㉁㔞㸪㔜ᚰ఩⨨㸪័ᛶ࣮࣓ࣔࣥࢺ㸪
ᅛ᭷᣺ືᩘ㸪࠾ࡼࡧᅛ᭷࣮ࣔࢻ࡟㛵ࡍࡿ᝟ሗ࠿ࡽ᣺ື᪉⛬ᘧ࡟࠾ࡅࡿ඲࡚ࡢ≉ᛶ⾜ิࢆྠ
ᐃࡍࡿ᪉ἲࡣ㸪ᐇ㦂࣮ࣔࢻゎᯒ⤖ᯝ࡟ᇶ࡙࠸ࡓ࣮ࣟࢱࡢ᣺ືゎᯒࣔࢹࣝࡢ㧗⢭ᗘ໬ࢆᐇ⌧
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ᅇ㌿ᶵᲔࡢ᣺ືゎᯒࡢ᪉ἲ࡜ࡋ࡚⌧ᅾᬑཬࡋࡘࡘ࠶ࡿ㸪3ḟඖࡢࢯࣜࢵࢻせ⣲࡛ヲ⣽࡟ࣔ
ࢹࣝ໬ࡍࡿ 3Dࣔࢹࣝゎᯒࡀ㸪௒ᚋࡢࢥࣥࣆ࣮ࣗࢱࡢᛶ⬟ୖ᪼࡟కࡗ࡚㸪ᬑཬࡢᗘྜ࠸ࢆቑ
ࡍࡶࡢ࡜᥎ ࡉࢀࡿ㸬ࡋ࠿ࡋ㸪ࡼࡾ⡆౽࡞ 1ḟඖᱱࣔࢹࣝ࡟ࡼࡿゎᯒࡶ㸪1.1⠇࡛㏙࡭ࡓ⧞
ࡾ㏉ࡋࡢ」⣲ᅛ᭷್ゎᯒࢆ⾜࠺ᚲせࡢ࠶ࡿሙྜ࡞࡝࡛ࡣ᫬㛫ࢥࢫࢺ㠃࠿ࡽ᭷฼࡛࠶ࡿ≧ἣ
ࡣᙜศࡢ㛫ࡣኚࢃࡽ࡞࠸࡜ᛮࢃࢀࡿ㸬ࡋࡓࡀࡗ࡚㸪1ḟඖᱱࣔࢹࣝ࡟ࡼࡿィ⟬⢭ᗘࢆ㧗ࡵࡿ
ࡇ࡜ࡣ௒ᚋࡶ᭷ຠ࡜ุ᩿ࡉࢀࡿ㸬 
➨ 3❶࡜➨ 5❶࡛♧ࡋࡓ㸪㍈┤ᚄኚ໬㒊᩿㠃ࡢᙎᛶኚᙧࢆ⪃៖ࡍࡿ᪉ἲࡢᇶ♏࡜࡞ࡿ 3
ḟඖᙎᛶㄽࡣ㸪1940ᖺ௦࠿ࡽ 1960ᖺ௦ࡲ࡛࡟࡯ࡰ᏶ᡂࡉࢀࡓ⌮ㄽ࡛࠶ࡾ㸪ቃ⏺᮲௳࡜೫ᚤ
ศ᪉⛬ᘧ࡛⾲ࡉࢀࡿ᪤▱ࡢᛂຊ㸪ࡦࡎࡳ㸪ኚ఩ࡢ㛵ಀᘧ࠿ࡽ㸪௵ពࡢᗙᶆ఩⨨ࡢᛂຊ㸪ࡦ
ࡎࡳ㸪ኚ఩ࡢཝᐦゎࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡿࡀ㸪ᙧ≧ࡸቃ⏺᮲௳ࡀ」㞧࡟࡞ࡿ࡜ᢅ࠸ࡀⴭࡋࡃ
㞴ࡋࡃ࡞ࡿ㸬ࡑࡢࡓࡵ㸪3ḟඖࣔࢹࣝࡢ᭷㝈せ⣲ゎᯒࡀᬑཬࡋ࡚㸪ᙧ≧࡜ᮦᩱ≉ᛶࢆᐃ⩏ࡍ
ࢀࡤᩘ್ゎࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡿ⌧ᅾ࡛ࡣ㸪ᕤᏛศ㔝࡛ 3ḟඖᙎᛶㄽࡑࡢࡶࡢࢆᢅ࠺ᶵ఍ࡣ
ᑡ࡞ࡃ࡞ࡗ࡚࠸ࡿ㸬ᮏ◊✲࡛ࡣ㸪ࡇࡢ 3ḟඖᙎᛶㄽ࠿ࡽᑟ࠿ࢀࡿ⤖ᯝࢆ 1ḟඖᱱࣔࢹࣝ࡟
㐺⏝ࡍࡿࡇ࡜࡟ࡼࡗ࡚ゎᯒ⢭ᗘࢆ㧗ࡵࡿࡇ࡜ࡀ࡛ࡁࡿࡇ࡜ࢆ♧ࡋࡓ㸬ࡲࡓ㸪5.2⠇࡛♧ࡋࡓ㸪
3ḟඖᙎᛶㄽ࠿ࡽᑟ࠿ࢀࡓࢺࣝࢡ T࡜๛య㍈ࡢᅇ㌿ゅ șࡢ㛵ಀᘧ㸦5.4㸧ࡣ㸪ࡇࢀࡲ࡛࡟ࣟ
࣮ࢱࡢࡡࡌࡾ᣺ືゎᯒ࡟㐺⏝ࡉࢀ࡚࠸࡞࠸ࡶࡢ࡛࠶ࡿ㸬ࡇࡢ౛ࡀ♧ࡍᵝ࡟㸪࣮ࣟࢱࢲ࢖ࢼ
࣑ࢡࢫࡢศ㔝࡛᥇⏝ࡉࢀ࡚࠸࡞࠸㸪᭷⏝࡞᪤Ꮡ◊✲ࡀᏑᅾࡍࡿྍ⬟ᛶࡀ࠶ࡿࡓࡵ㸪௒ᚋࡶ
ᖜᗈ࠸ᖺ௦࡜ศ㔝ࡢ▱ぢࢆ᭷ຠά⏝࡛ࡁࡿࡼ࠺ど㔝ࢆᗈࡆࡓ◊✲άືࢆ㐍ࡵࡿࡘࡶࡾ࡛࠶
ࡿ㸬 
ࡲࡓ㸪➨ 6❶࡛♧ࡋࡓ㸪㉁㔞㸪㔜ᚰ఩⨨㸪័ᛶ࣮࣓ࣔࣥࢺ㸪ᅛ᭷᣺ືᩘ㸪࠾ࡼࡧᅛ᭷ࣔ
࣮ࢻࢆධຊࣃ࣓࣮ࣛࢱ࡜ࡋ࡚᣺ື᪉⛬ᘧ࡟࠾ࡅࡿ඲࡚ࡢ≉ᛶ⾜ิࢆྠᐃࡍࡿ᪉ἲࢆ㸪ᐇ㝿
ࡢ࣮ࣟࢱ࡟㐺⏝ࡍࡿ࡟ࡣ㸪ධຊࣃ࣓࣮ࣛࢱࡢ⢭ᗘࢆ⪃៖ࡋ࡚㔜ࡳಀᩘࢆ㐺ษ࡞್࡟タᐃࡍ
ࡿᚲせࡀ࠶ࡿ㸬ࡇࡢⅬࢆ௒ᚋࡢㄢ㢟࡜ࡋ࡚ᤊ࠼㸪⡆౽࡟౑⏝࡛ࡁࡿࡶࡢ࡟ࡍࡿࡓࡵࡢ◊✲
ࢆ㐍ࡵࡿࡘࡶࡾ࡛࠶ࡿ㸬 
 
 
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ㅰ㎡
 ᮏ◊✲ࡣ㸪ⴭ⪅ࡀ㫽ྲྀ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉༤ኈᚋᮇㄢ⛬ᅾᏛ୰࡟㸪ྠ኱Ꮫ㝔ᶵᲔᏱᐂ
ᕤᏛᑓᨷ ᚋ⸨▱ఙᩍᤵࡢᣦᑟࡢࡶ࡜࡟⾜ࡗࡓࡶࡢ࡛࠶ࡿ㸬◊✲ࡢ㐙⾜࡟࠶ࡓࡾ㸪ᚋ⸨ᩍᤵ
࠿ࡽࡣᖜᗈ࠸どⅬ࠿ࡽ᠓ษ୎ᑀ࡞ᚚᣦᑟࢆ㈷ࡾࡲࡋࡓ㸬ㅽࢇ࡛ឤㅰࡢពࢆ⾲ࡋࡲࡍ㸬Ꮫ఩
ㄽᩥసᡂ࡟࠶ࡓࡾ㸪㈗㔜࡞ᚚຓゝࢆ㡬ࡁࡲࡋࡓ㸪ྠ኱Ꮫ㝔♫఍ᇶ┙ᕤᏛᑓᨷ ㇂ཱྀ᭸௦ᩍᤵ
࡜ྠ኱Ꮫ㝔ᶵᲔᏱᐂᕤᏛᑓᨷ ᑠฟ㝯ኵᩍᤵ࡟ឤㅰࡢពࢆ⾲ࡋࡲࡍ㸬ࡲࡓ㸪ᒚಟ⛉┠࡟࡚ࡈ
ᣦᑟ㡬ࡁࡲࡋࡓ㸪ྠ኱Ꮫ㝔ᶵᲔᏱᐂᕤᏛᑓᨷ すᮧṇ἞ᩍᤵ࡜ᨾ ᐑ㏆ᖾ㐓ᩍᤵ࡟ឤㅰࡢព
ࢆ⾲ࡋࡲࡍ㸬 
 ᮏ◊✲ࡢᶵ఍ࢆ୚࠼࡚㡬ࡁࡲࡋࡓ㸪ඖ ᕝ㔜ࢸࢡࣀࣟࢪ࣮ᰴᘧ఍♫ ᑠᯘ⚽࿴⌮஦㸦⌧ ⚽
࿴ᛂ⌮஦ົᡤ௦⾲㸧㸪ඖ ᕝ㔜ࢸࢡࣀࣟࢪ࣮ᰴᘧ఍♫ ྜྷ⏣⚽๎ྲྀ⥾ᙺ㸪ඖ ᕝ㔜ࢸࢡࣀࣟࢪ
࣮ᰴᘧ఍♫ ோ⎼ᐶኴ㒊㛗㸦⌧ ᕝ㔜ࢸࢡࣀࣟࢪ࣮ᰴᘧ఍♫ ୺ᖿ㸧࡟ឤㅰࡢពࢆ⾲ࡋࡲࡍ㸬
≉࡟㸪ඖࡢୖྖ࡛࠶ࡿᑠᯘ⚽࿴ᵝ࡟ࡣ㸪ከ኱࡞ࡿࡈᣦᑟࢆ㡬ࡁࡲࡋࡓ㸬ࡇࡇ࡟ᨵࡵ࡚ឤㅰ
⏦ࡋୖࡆࡲࡍ㸬ᒸᒣ኱Ꮫ⏘Ꮫᐁ⼥ྜࢭࣥࢱ࣮ ྂụ἞Ꮥᐈဨᩍᤵ࠿ࡽࡣ㸪ᅾᏛ୰࠾఍࠸ࡍࡿ
ᗘ࡟⃭ບࡢ࠾ゝⴥࢆ㡬ࡁ㸪኱ኚບࡳ࡟࡞ࡾࡲࡋࡓ㸬ࡇࡇ࡟ᨵࡵ࡚ឤㅰ⏦ࡋୖࡆࡲࡍ㸬 
 ࡲࡓ㸪ᔐࡵྜ࠸㒊ࡢ᭤ࡆ๛ᛶࡢ᳨ウ࡟࠶ࡓࡾ㸪ゎᯒ㠃࡛༠ຊࡋ࡚㡬ࡁࡲࡋࡓ㸪ᕝ㔜ࢸࢡ
ࣀࣟࢪ࣮ᰴᘧ఍♫ タィࢯ࣮ࣜࣗࢩࣙࣥ㒊ࡢ⋢ᮌ฼⿱㒊㛗㸪ᒣᆅᡂ୍୺ᖿ㸪ᮧᒣ▱❶୺ᖿ㸪
బᒸಇḟ㑻୺ᰝ࡟ឤㅰࡢពࢆ⾲ࡋࡲࡍ㸬≉࡟ゎᯒࢆᐇ⾜ࡋ࡚㡬ࡁࡲࡋࡓᮧᒣ▱❶୺ᖿ࡟ࡣ㸪
῝ࡃឤㅰ⏦ࡋୖࡆࡲࡍ㸬◊✲ࡢ㐙⾜࡟࠶ࡓࡾ㸪ᗄᗘ࡜࡞ࡃࢫࢣࢪ࣮ࣗࣝ㠃࡛༠ຊࡋ࡚㡬࠸
ࡓᡤᒓ㒊㛛࡛࠶ࡿ᣺ືᢏ⾡ㄢࡢ᪉ࠎ࡟ឤㅰࡢពࢆ⾲ࡋࡲࡍ㸬 
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㛵㐃ሗ࿌
࠙➨ 3❶ࠚ 
 ㄽᩥ 
  㢟┠ ࣮ࣟࢱࡢ 1ḟඖᱱࣔࢹࣝࡢィ⟬⢭ᗘྥୖࡢࡓࡵࡢ㍈┤ᚄኚ໬㒊ࡢࣔࢹࣝ໬ 
  ⴭ⪅ྡ 㛗Ụ ಙ㢧㸪ᚋ⸨ ▱ఙ 
  Ꮫ⾡㞧ㄅྡ㸦ᕳ㸪ྕ㸪㡫㸧 ᪥ᮏᶵᲔᏛ఍ㄽᩥ㞟㸦80㸪816㸪DR0237㸧 
  Ⓨ⾜ᖺ᭶᪥ ᖹᡂ 26ᖺ 8᭶ 25᪥ 
 
࠙➨ 4❶ࠚ 
 Ꮫ⾡ㅮ₇ 
  㢟┠ ᔐྜ㒊ࢆᣢࡘ࣮ࣟࢱࡢ๛ᛶ⾜ิࡢྠᐃ 
  ⴭ⪅ྡ 㛗Ụ ಙ㢧㸪ᚋ⸨ ▱ఙ 
  Ꮫ⾡㞧ㄅྡ Dynamics and Design Conference 2013 
  Ⓨ⾜ᖺ᭶᪥ ᖹᡂ 25ᖺ 8᭶ 29᪥ 
 
࠙➨ 6❶ࠚ 
 ㄽᩥ 
㢟┠ ࣮ࣟࢱࡢ᣺ື᪉⛬ᘧ࡟࠾ࡅࡿ≉ᛶ⾜ิࡢᐇ㦂ྠᐃ㸦⌮ㄽ࡜ࢩ࣑࣮ࣗࣞࢩࣙࣥ㸧        
  ⴭ⪅ྡ 㛗Ụ ಙ㢧㸪ᚋ⸨ ▱ఙ                     
  Ꮫ⾡㞧ㄅྡ㸦ᕳ㸪ྕ㸪㡫㸧 ᪥ᮏᶵᲔᏛ఍ㄽᩥ㞟㸦C ⦅㸧㸦79㸪803㸪2314㹼2328㸧 
  Ⓨ⾜ᖺ᭶᪥ ᖹᡂ 25ᖺ 7᭶ 25᪥ 
 Ꮫ⾡ㅮ₇ 
  㢟┠ ᐇ㦂࡟ࡼࡿࢹ࢕ࢫࢡ௜ࡁ࣮ࣟࢱࡢ᣺ື᪉⛬ᘧ࡟࠾ࡅࡿ≉ᛶ⾜ิࡢྠᐃ 
㸦⌮ㄽ࡜ࢩ࣑࣮ࣗࣞࢩࣙࣥ㸧 
  ⴭ⪅ྡ 㛗Ụ ಙ㢧㸪ᚋ⸨ ▱ఙ                     
  Ꮫ⾡㞧ㄅྡ Dynamics and Design Conference 2012            
  Ⓨ⾜ᖺ᭶᪥ ᖹᡂ 24ᖺ 9᭶ 19᪥ 
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$ ㍈せ⣲ࡢ㉁㔞⾜ิ㸪๛ᛶ⾜ิ㸪ࢪࣕ࢖ࣟ⾜ิ
 ᐦᗘ ȡ(kg/m3)㸪᩿㠃✚ Ae (m2)㸪᩿㠃 2ḟ࣮࣓ࣔࣥࢺ Ie (m4)㸪㛗ࡉ le(m)㸪ࡏࢇ᩿ಀᩘ Ĳeࡢ
㍈せ⣲ࡢ㉁㔞⾜ิ㸪๛ᛶ⾜ิ㸪ࢪࣕ࢖ࣟ⾜ิࡣࡑࢀࡒࢀᘧ㸦A.1㸧㸪ᘧ㸦A.2㸧㸪ᘧ㸦A.3㸧࡛
ᐃ⩏ࡉࢀࡿ㸬 
 
(1) ㉁㔞⾜ิ 
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(2) ๛ᛶ⾜ิ 
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(3) ࢪࣕ࢖ࣟ⾜ิ 
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$ ᩿㠃୍ᵝᱱࡢ᭤ࡆ᣺ືࡢᅛ᭷᣺ືᩘ
᩿㠃୍ᵝᱱࡢ᭤ࡆ᣺ືࡢᅛ᭷᣺ືᩘࢆ㸪࢜࢖࣮࣭ࣛ࣋ࣝࢾ࣮࢖ᱱ⌮ㄽ㸪ࢸ࢕ࣔࢩ࢙ࣥࢥ
ᱱ⌮ㄽ㸪࠾ࡼࡧࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽࢆ㐺⏝ࡋࡓ 1 ḟඖᱱࡢ᭷㝈せ⣲ἲࡢ 3 ࡘࡢ᪉ἲ࡟ࡘ
࠸࡚ẚ㍑ࡍࡿ㸬࢜࢖࣮࣭ࣛ࣋ࣝࢾ࣮࢖ᱱ⌮ㄽ࡜ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽ࡜ࡢᕪ␗ࡣ㸪ࢸ࢕ࣔ
ࢩ࢙ࣥࢥᱱ⌮ㄽ࡛ࡣ㸪࢜࢖࣮࣭ࣛ࣋ࣝࢾ࣮࢖ᱱ⌮ㄽ࡛ࡣ⪃៖ࡉࢀ࡞࠸㸪ࡏࢇ᩿ኚᙧ࡜ᅇ㌿
័ᛶࡀ⪃៖ࡉࢀࡿⅬ࡛࠶ࡿ㸬 
 
(1) ィ⟬ᑐ㇟ 
ࡇࡇ࡛ࡣ㸪➨ 3 ❶ࡢᅗ 3.10 ࡟♧ࡉࢀࡿ㸪୧➃⮬⏤ࡢᨭᣢ᮲௳ࡢ୍ᵝ࡞୰ᐇ෇ᙧ᩿㠃㍈ࢆ
ྲྀࡾୖࡆ࡚㸪ୖ㏙ࡢ 3 ࡘࡢ᪉ἲ࡛ồࡵࡓ 1 ḟ࠿ࡽ 4 ḟࡲ࡛ࡢ᭤ࡆ᣺ື࣮ࣔࢻࡢᅛ᭷᣺ືᩘ
ࢆẚ㍑ࡍࡿ㸬௨ୗ࡟୰ᐇ෇ᙧ᩿㠃㍈ࡢᮦᩱ≉ᛶ್࡜ᑍἲࢆ♧ࡍ㸬 
 
ᮦᩱ≉ᛶ㸸ࣖࣥࢢ⋡ E=2.09×1011 N/m2㸪ᶓᙎᛶಀᩘ G= 8.0335×1010 N/m2㸪 
࣏࢔ࢯࣥẚ Ȟ=0.3008㸪ᐦᗘ ȡ=7846 kg/m3 
 ᑍ ἲ 㸸඲㛗 L=350mm㸪┤ᚄ d=20mm 
 
ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽࢆ㐺⏝ࡋࡓ 1 ḟඖᱱࡢ᭷㝈せ⣲ἲ࡛ࡣ㸪ᅗ 3.11 ࡟♧ࡉࢀࡿ⠇Ⅼᩘ
35ࡢࣔࢹࣝࢆ⏝࠸ࡿ㸬ྛ⠇Ⅼࡢ㍈᪉ྥࡢᗙᶆࡣ 
 
0㸪14.35㸪28.7㸪40.1875㸪51.675㸪57.3㸪63.65㸪70㸪76.35㸪82.7㸪88.325㸪98.7625㸪109.2㸪 
122.5㸪135.8㸪146.2375㸪156.675㸪162.3㸪168.65㸪175㸪181.35㸪187.7㸪193.325㸪203.562㸪 
213.8㸪226.9㸪240㸪253.05㸪266.1㸪279.15㸪292.2㸪306.65㸪321.1㸪335.55㸪350 
 
࡛࠶ࡿ㸦༢఩㸸mm㸧㸬 
 
(2) ᅛ᭷᣺ືᩘࡢᑟฟ 
࢜࢖࣮࣭ࣛ࣋ࣝࢾ࣮࢖ᱱ⌮ㄽ࡟࠾࠸࡚㸪ቃ⏺᮲௳ࡀ୧➃⮬⏤ࡢ᩿㠃୍ᵝᱱࡢ᭤ࡆ᣺ືࡢ
᣺ືᩘ᪉⛬ᘧࡣᘧ㸦A.4㸧࡛⾲ࡉࢀ㸪ᅛ᭷᣺ືᩘ fnࡣᘧ㸦A.5㸧࡛୚࠼ࡽࢀࡿ㸦Seon, M., et al., 
1999㸧㸬 
 
  01coshcos   aa kk                             㸦A.4㸧 
   ka㸸↓ḟඖἼᩘ 
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1
an kAL
EIf US (Hz)                           㸦A.5㸧 
   I㸸᩿㠃 2ḟ࣮࣓ࣔࣥࢺ(m4)㸪 644dI S  
   A㸸᩿㠃✚(m2)㸪 42dA S  
 
 ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽ࡟࠾࠸࡚㸪ቃ⏺᮲௳ࡀ୧➃⮬⏤ࡢ᩿㠃୍ᵝᱱࡢ᭤ࡆ᣺ືࡢ᣺ືᩘ
᪉⛬ᘧࡣᘧ㸦A.6㸧࡛⾲ࡉࢀ㸪ᘧ㸦A.6㸧୰ࡢ ka࡜ kbࡢ㛵ಀࡣᘧ㸦A.7㸧࡛୚࠼ࡽࢀࡿ㸬ᅛ᭷
᣺ືᩘ fnࡣᘧ㸦A.8㸧࡛୚࠼ࡽࢀࡿ㸦Seon, M., et al., 1999㸧㸬 
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                        㸦A.7㸧 
   s㸸⦪ᶓẚ㸪 LIAs   
 
 
  2
22
12
1
[US 
 ban kkELf (Hz)                          㸦A.8㸧 
 
 ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽࢆ㐺⏝ࡋࡓ 1ḟඖᱱࡢ᭷㝈せ⣲ἲ࡛ࡣ㸪௜㘓 A-1࡟♧ࡉࢀࡓ᪉ἲ
࡛㉁㔞⾜ิ[M]࡜๛ᛶ⾜ิ[K]ࡀᐃ⩏ࡉࢀ㸪ᘧ㸦A.9㸧ࡢᐇᅛ᭷್ၥ㢟ࢆゎࡃࡇ࡜࡟ࡼࡗ࡚ᅛ
᭷᣺ືᩘ fnࢆồࡵࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
 
  > @ > @ ^ ` ^ `OMK  ) O                             㸦A.9㸧 
Ȝ㸸ᅛ᭷್㸪  22 nfSO   
{ĭ}㸸ᅛ᭷࣋ࢡࢺࣝ 
 
(3) ィ⟬⤖ᯝ 
 ࢜࢖࣮࣭ࣛ࣋ࣝࢾ࣮࢖ᱱ⌮ㄽ࡟࠾࠸࡚㸪ᘧ㸦A.4㸧ࡢ᣺ືᩘ᪉⛬ᘧ࠿ࡽᚓࡽࢀࡿ 1ḟ࠿ࡽ
4ḟࡲ࡛ࡢ kaࡢ್ࡣ㸪 
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ka 1=4.7300407 
ka 2=7.8532046 
ka 3=10.995608 
ka 4=14.137165 
 
࡛࠶ࡿ㸦ῧ࠼ᏐࡢᩘᏐࡣ࣮ࣔࢻḟᩘࢆ♧ࡍ㸧㸬 
 ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽ࡟࠾࠸࡚㸪ᘧ㸦A.6㸧ࡢ᣺ືᩘ᪉⛬ᘧ࠿ࡽᚓࡽࢀࡿ 1ḟ࠿ࡽ 4ḟࡲ
࡛ࡢ ka࡜ kbࡢ್ࡣ㸪 
 
  ka 1=4.7306384㸪kb 1=4.6886925 
ka 2=7.8526405㸪kb 2=7.6650678 
ka 3=10.994838㸪kb 3=10.496361 
ka 4=14.135824㸪kb 4=13.118302 
 
࡛࠶ࡿ㸦ῧ࠼ᏐࡢᩘᏐࡣ࣮ࣔࢻḟᩘࢆ♧ࡍ㸧㸬 
 ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽ㸪࢜࢖࣮࣭ࣛ࣋ࣝࢾ࣮࢖ᱱ⌮ㄽ㸪ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽࢆ㐺⏝ࡋ
ࡓ 1ḟඖᱱࡢ᭷㝈せ⣲ἲࡢ 3ࡘࡢ᪉ἲ࡛ồࡵࡓ㸪୰ᐇ෇ᙧ᩿㠃㍈ࡢ 1ḟ࠿ࡽ 4ḟࡲ࡛ࡢ᭤
ࡆ᣺ືࡢᅛ᭷᣺ືᩘࢆ௨ୗ࡟♧ࡍ㸬࢜࢖࣮࣭ࣛ࣋ࣝࢾ࣮࢖ᱱ⌮ㄽ࡜ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽ
ࢆ㐺⏝ࡋࡓ 1ḟඖᱱࡢ᭷㝈せ⣲ἲ࡟ࡼࡿᅛ᭷᣺ືᩘࡢィ⟬⤖ᯝ࡟ࡣ㸪ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮
ㄽ࡟ࡼࡿィ⟬⤖ᯝ࡜ࡢᕪ␗ࢆⓒศ⋡࡛ేグࡋࡓ㸬 
 
 
Natural frequencies of bending vibration modes of uniform beam 
Unit: Hz 
Mode Timoschenko beam theory 
Euler-Bernoulli beam
theory      (Error)
1D FEM
(Error)  
1 743.68 750.12 (0.87%) 743.69 (0.00%) 
2 2018.5 2067.7 (2.44%) 2018.8 (0.01%) 
3 3872.4 4053.6 (4.68%) 3873.7 (0.03%) 
4 6230.5 6700.8 (7.55%) 6236.7 (0.10%) 
 
 
ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽ࡟ᑐࡍࡿ࢜࢖࣮࣭ࣛ࣋ࣝࢾ࣮࢖ᱱ⌮ㄽࡢᅛ᭷᣺ືᩘࡢᕪ␗ࡣ㸪ࣔ
࣮ࢻḟᩘࡀ㧗ࡃ࡞ࡿ࡯࡝኱ࡁࡃ࡞ࡾ㸪4ḟ࣮ࣔࢻ࡛ࡣ 7.55%ࡢᕪ␗ࡀ⏕ࡌ࡚࠸ࡿ㸬୍᪉㸪ࢸ
࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽࢆ㐺⏝ࡋࡓ 1ḟඖᱱࡢ᭷㝈せ⣲ἲ࡛ࡣ㸪ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽ࡟ᑐࡋ
࡚ 4ḟ࣮ࣔࢻࡲ࡛࡛ࡓ࠿ࡔ࠿ 0.1%ࡢᅛ᭷᣺ືᩘࡢᕪ␗ࡀ⏕ࡌࡿ࡟ࡍࡂ࡞࠸㸬 
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ࡲࡓ㸪ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽࢆ㐺⏝ࡋࡓ 1ḟඖᱱࡢ᭷㝈せ⣲ࣔࢹࣝࡢ⠇Ⅼᩘ 35ࡣ㸪╔┠
ࡋࡓ᭱኱ࡢ࣮ࣔࢻḟᩘ 4ࡢ 8.75ಸ࡛࠶ࡿ㸬 
ࡼࡗ࡚㸪୍ᵝ᩿㠃ࡢ㍈ࡢ᭤ࡆ᣺ືࡢᅛ᭷᣺ືᩘࢆᢅ࠺ሙྜ㸪╔┠ࡍࡿ᭱኱࣮ࣔࢻḟᩘࡢ
10ಸ⛬ᗘࡢᩘࡢ⠇Ⅼࢆ࡛ࡁࡿࡔࡅᆒ➼࡟タࡅࡓ㸪ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽࢆ㐺⏝ࡋࡓ 1ḟඖ
ᱱࡢ᭷㝈せ⣲ࣔࢹࣝࢆ⏝࠸ࡿࡇ࡜࡟ࡼࡗ࡚㸪ࢸ࢕ࣔࢩ࢙ࣥࢥᱱ⌮ㄽ࡟ࡼࡿࡶࡢ࡜࡯ࡰྠ୍
ࡢ⤖ᯝࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡿ࡜ゝ࠼ࡿ㸬 
 
ཧ⪃ᩥ⊩
Seon, M., Han, H. B., and Timothy, W., Dynamics of transversely vibrating beams using for 
engineering theories, Journal of Sound and Vibration, Vol. 255, No.5 (1999), pp. 935-988. 
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$ ࢱ࣮ࣅࣥ㸫Ⓨ㟁ᶵ࣮ࣟࢱࡢ᭤ࡆ᣺ືゎᯒࣔࢹࣝࡢㅖඖ
Coordinate of nodes for bending vibration analysis model of turbine – generator rotor 
Node z (m) Node z (m) Node z (m) 
1 0.000 41 10.628 81 21.408 
2 0.390 42 10.847 82 21.708 
3 0.481 43 11.001 83 22.009 
4 0.692 44 11.133 84 22.310 
5 0.780 45 11.375 85 22.610 
6 1.300 46 11.700 86 22.911 
7 1.623 47 12.025 87 23.212 
8 1.755 48 12.155 88 23.512 
9 1.991 49 12.448 89 23.813 
10 2.210 50 12.608 90 24.113 
11 2.730 51 12.740 91 24.414 
12 3.185 52 12.935 92 24.670 
13 3.614 53 13.130 93 24.947 
14 3.900 54 13.262 94 25.480 
15 4.160 55 13.507 95 26.000 
16 4.420 56 13.884 96 26.130 
17 4.680 57 14.261 97 26.650 
18 4.940 58 14.638 98 26.785 
19 5.200 59 14.883 99 27.060 
20 5.460 60 15.015 100 27.469 
21 5.705 61 15.210 101 27.879 
22 5.990 62 15.405 102 28.288 
23 6.058 63 15.540 103 28.379 
24 6.292 64 15.860 104 28.711 
25 6.526 65 16.328 105 29.133 
26 6.760 66 16.705 106 29.188 
27 7.280 67 17.076 107 29.374 
28 7.447 68 17.311 108 29.614 
29 7.755 69 17.446 - - 
30 7.839 70 17.914 - - 
31 8.151 71 18.044 - - 
32 8.450 72 18.564 - - 
33 8.767 73 19.084 - - 
34 8.840 74 19.348 - - 
35 9.133 75 19.604 - - 
36 9.230 76 19.905 - - 
37 9.620 77 20.205 - - 
38 10.075 78 20.506 - - 
39 10.231 79 20.807 - - 
40 10.524 80 21.107 - - 
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Dimensions of shaft for bending vibration analysis model of turbine – generator rotor 
( Density 7850 kg/m3, Young's modulus 7850 Pa㸪Shear modulus 7.91921010 Pa ) 
 
Node 
Outer 
Diameter 
(m) 
Node 
Outer
Diameter 
(m)
Node 
Outer 
Diameter 
(m)
1 to 2 0.312 41 to 42 0.780 81 to 82 1.170 
2 to 3 0.689 42 to 43 0.780 82 to 83 1.170 
3 to 4 0.312 43 to 44 0.468 83 to 84 1.170 
4 to 5 0.312 44 to 45 0.468 84 to 85 1.170 
5 to 6 0.468 45 to 46 0.468 85 to 86 1.170 
6 to 7 0.468 46 to 47 0.468 86 to 87 1.170 
7 to 8 0.468 47 to 48 0.858 87 to 88 1.170 
8 to 9 0.780 48 to 49 0.468 88 to 89 1.170 
9 to 10 0.780 49 to 50 0.468 89 to 90 1.170 
10 to 11 1.014 50 to 51 0.468 90 to 91 1.170 
11 to12 1.014 51 to 52 0.910 91 to 92 0.910 
12 to 13 1.014 52 to 53 0.910 92 to 93 0.910 
13 to 14 1.014 53 to 54 0.468 93 to 94 0.910 
14 to 15 1.014 54 to 55 0.468 94 to 95 0.910 
15 to 16 1.014 55 to 56 0.468 95 to 96 1.300 
16 to 17 1.014 56 to 57 0.468 96 to 97 0.910 
17 to 18 1.014 57 to 58 0.468 97 to 98 0.481 
18 to 19 1.014 58 to 59 0.468 98 to 99 0.481 
19 to 20 1.014 59 to 60 0.468 99 to 100 0.481 
20 to 21 1.014 60 to 61 0.910 100 to 101 0.481 
21 to 22 1.014 61 to 62 0.910 101 to 102 0.481 
22 to 23 1.092 62 to 63 0.481 102 to 103 0.325 
23 to 24 1.092 63 to 64 0.481 103 to 104 0.325 
24 to 25 1.092 64 to 65 0.481 104 to 105 0.325 
25 to 26 1.092 65 to 66 0.481 105 to 106 0.195 
26 to 27 1.092 66 to 67 0.481 106 to 107 0.195 
27 to 28 1.092 67 to 68 0.481 107 to 108 0.195 
28 to 29 1.092 68 to 69 0.481 - -
29 to 30 1.300 69 to 70 0.910 - -
30 to 31 1.300 70 to 71 1.300 - -
31 to 32 1.300 71 to 72 0.910 - -
32 to 33 1.300 72 to 73 0.910 - -
33 to 34 1.300 73 to 74 0.910 - -
34 to 35 1.300 74 to 75 0.910 - -
35 to 36 1.508 75 to 76 1.170 - -
36 to 37 1.508 76 to 77 1.170 - -
37 to 38 1.508 77 to 78 1.170 - -
38 to 39 1.508 78 to 79 1.170 - -
39 to 40 1.040 79 to 80 1.170 - -
40 to 41 1.040 80 to 81 1.170 - -
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Specification of disc elements for bending vibration analysis model of turbine – generator rotor 
Node Density (kg/m3) 
Thick- 
ness 
(m) 
Outer 
diameter 
(m) 
Outer 
diameter 
(m) 
Node Density(kg/m3)
Thick- 
ness 
(m) 
Outer 
diameter 
(m) 
Outer 
diameter 
(m) 
13 7850 0.130 1.404 1.014 78 7222 0.301 1.580 1.170 
14 7850 0.130 1.404 1.014 79 7222 0.301 1.580 1.170 
15 7850 0.130 1.404 1.014 80 7222 0.301 1.580 1.170 
16 7850 0.130 1.404 1.014 81 7222 0.301 1.580 1.170 
17 7850 0.130 1.404 1.014 82 7222 0.301 1.580 1.170 
18 7850 0.130 1.404 1.014 83 7222 0.301 1.580 1.170 
19 7850 0.130 1.404 1.014 84 7222 0.301 1.580 1.170 
20 7850 0.130 1.404 1.014 85 7222 0.301 1.580 1.170 
23 7850 0.135 1.508 1.092 86 7222 0.301 1.580 1.170 
24 7850 0.135 1.508 1.092 87 7222 0.301 1.580 1.170 
25 7850 0.135 1.508 1.092 88 7222 0.301 1.580 1.170 
26 7850 0.135 1.508 1.092 89 7222 0.301 1.580 1.170 
30 7850 0.169 1.820 1.300 90 7222 0.301 1.580 1.170 
31 7850 0.169 1.820 1.300 - - - - - 
32 7850 0.169 1.820 1.300 - - - - - 
34 7850 0.169 1.820 1.300 - - - - - 
36 7850 0.195 1.820 1.508 - - - - - 
37 7850 0.195 1.820 1.508 - - - - - 
38 7850 0.312 1.820 1.508 - - - - - 
13 7850 0.006 1.612 1.404 - - - - - 
14 7850 0.006 1.612 1.404 - - - - - 
15 7850 0.006 1.612 1.404 - - - - - 
16 7850 0.006 1.612 1.404 - - - - - 
17 7850 0.006 1.612 1.404 - - - - - 
18 7850 0.006 1.612 1.404 - - - - - 
19 7850 0.006 1.612 1.404 - - - - - 
20 7850 0.006 1.612 1.404 - - - - - 
23 7850 0.009 1.820 1.508 - - - - - 
24 7850 0.009 1.872 1.508 - - - - - 
25 7850 0.009 1.950 1.508 - - - - - 
26 7850 0.009 2.080 1.508 - - - - - 
30 7850 0.012 2.444 1.820 - - - - - 
31 7850 0.012 2.600 1.820 - - - - - 
32 7850 0.012 2.691 1.820 - - - - - 
34 7850 0.012 2.860 1.820 - - - - - 
36 7850 0.016 3.055 1.820 - - - - - 
37 7850 0.017 3.315 1.820 - - - - - 
38 7850 0.019 3.640 1.820 - - - - - 
76 7222 0.301 1.580 1.170 - - - - - 
77 7222 0.301 1.580 1.170 - - - - - 
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$ ࢱ࣮ࣅࣥ㸫Ⓨ㟁ᶵ࣮ࣟࢱࡢࡡࡌࡾ᣺ືゎᯒࣔࢹࣝࡢㅖඖ
Coordinate of nodes for torsional vibration analysis model of turbine – generator rotor 
Node z (m) Node z (m) Node z (m) 
1 0.000 41 10.628 81 21.408 
2 0.390 42 10.725 82 21.708 
3 0.481 43 11.001 83 22.009 
4 0.739 44 11.065 84 22.310 
5 0.780 45 11.375 85 22.610 
6 1.300 46 11.700 86 22.911 
7 1.691 47 12.025 87 23.212 
8 1.755 48 12.155 88 23.512 
9 2.114 49 12.448 89 23.813 
10 2.210 50 12.674 90 24.113 
11 2.730 51 12.740 91 24.414 
12 3.185 52 12.935 92 24.525 
13 3.614 53 13.130 93 24.947 
14 3.900 54 13.196 94 25.480 
15 4.160 55 13.507 95 26.000 
16 4.420 56 13.884 96 26.130 
17 4.680 57 14.261 97 26.650 
18 4.940 58 14.638 98 26.717 
19 5.200 59 14.949 99 27.060 
20 5.460 60 15.015 100 27.469 
21 5.884 61 15.210 101 27.879 
22 5.990 62 15.405 102 28.288 
23 6.058 63 15.472 103 28.330 
24 6.292 64 15.860 104 28.711 
25 6.526 65 16.328 105 29.133 
26 6.760 66 16.705 106 29.159 
27 7.280 67 17.076 107 29.374 
28 7.629 68 17.379 108 29.614 
29 7.755 69 17.446 - - 
30 7.839 70 17.914 - - 
31 8.151 71 18.044 - - 
32 8.450 72 18.564 - - 
33 8.840 73 19.084 - - 
34 8.986 74 19.493 - - 
35 9.133 75 19.604 - - 
36 9.230 76 19.905 - - 
37 9.620 77 20.205 - - 
38 10.075 78 20.506 - - 
39 10.231 79 20.807 - - 
40 10.366 80 21.107 - - 
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Dimensions of Shaft for torsional vibration analysis model of turbine – generator rotor 
( Density 7850 kg/m3, Shear modulus 7.91921010 Pa ) 
 
Node 
Outer 
Diameter 
(m) 
Node 
Outer
Diameter 
(m)
Node 
Outer 
Diameter 
(m)
1 to 2 0.312 41 to 42 0.780 81 to 82 1.170 
2 to 3 0.689 42 to 43 0.780 82 to 83 1.170 
3 to 4 0.312 43 to 44 0.468 83 to 84 1.170 
4 to 5 0.312 44 to 45 0.468 84 to 85 1.170 
5 to 6 0.468 45 to 46 0.468 85 to 86 1.170 
6 to 7 0.468 46 to 47 0.468 86 to 87 1.170 
7 to 8 0.468 47 to 48 0.858 87 to 88 1.170 
8 to 9 0.780 48 to 49 0.468 88 to 89 1.170 
9 to 10 0.780 49 to 50 0.468 89 to 90 1.170 
10 to 11 1.014 50 to 51 0.468 90 to 91 1.170 
11 to 12 1.014 51 to 52 0.910 91 to 92 0.910 
12 to 13 1.014 52 to 53 0.910 92 to 93 0.910 
13 to 14 1.014 53 to 54 0.468 93 to 94 0.910 
14 to 15 1.014 54 to 55 0.468 94 to 95 0.910 
15 to 16 1.014 55 to 56 0.468 95 to 96 1.300 
16 to 17 1.014 56 to 57 0.468 96 to 97 0.910 
17 to 18 1.014 57 to 58 0.468 97 to 98 0.481 
18 to 19 1.014 58 to 59 0.468 98 to 99 0.481 
19 to 20 1.014 59 to 60 0.468 99 to 100 0.481 
20 to 21 1.014 60 to 61 0.910 100 to 101 0.481 
21 to 22 1.014 61 to 62 0.910 101 to 102 0.481 
22 to 23 1.092 62 to 63 0.481 102 to 103 0.325 
23 to 24 1.092 63 to 64 0.481 103 to 104 0.325 
24 to 25 1.092 64 to 65 0.481 104 to 105 0.325 
25 to 26 1.092 65 to 66 0.481 105 to 106 0.195 
26 to 27 1.092 66 to 67 0.481 106 to 107 0.195 
27 to 28 1.092 67 to 68 0.481 107 to 108 0.195 
28 to 29 1.092 68 to 69 0.481 - -
29 to 30 1.300 69 to 70 0.910 - -
30 to 31 1.300 70 to 71 1.300 - -
31 to 32 1.300 71 to 72 0.910 - -
32 to 33 1.300 72 to 73 0.910 - -
33 to 34 1.300 73 to 74 0.910 - -
34 to 35 1.300 74 to 75 0.910 - -
35 to 36 1.508 75 to 76 1.170 - -
36 to 37 1.508 76 to 77 1.170 - -
37 to 38 1.508 77 to 78 1.170 - -
38 to 39 1.508 78 to 79 1.170 - -
39 to 40 1.040 79 to 80 1.170 - -
40 to 41 1.040 80 to 81 1.170 - -
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Specification of disc elements for torsional vibration analysis model of turbine – generator rotor 
 
Node Density (kg/m3) 
Thick- 
ness 
(m) 
Outer 
diameter 
(m) 
Outer 
diameter 
(m) 
Node Density(kg/m3)
Thick- 
ness 
(m) 
Outer 
diameter 
(m) 
Outer 
diameter 
(m) 
13 7850 0.130 1.404 1.014 78 7222 0.301 1.580 1.17 
14 7850 0.130 1.404 1.014 79 7222 0.301 1.580 1.17 
15 7850 0.130 1.404 1.014 80 7222 0.301 1.580 1.17 
16 7850 0.130 1.404 1.014 81 7222 0.301 1.580 1.17 
17 7850 0.130 1.404 1.014 82 7222 0.301 1.580 1.17 
18 7850 0.130 1.404 1.014 83 7222 0.301 1.580 1.17 
19 7850 0.130 1.404 1.014 84 7222 0.301 1.580 1.17 
20 7850 0.130 1.404 1.014 85 7222 0.301 1.580 1.17 
23 7850 0.135 1.508 1.092 86 7222 0.301 1.580 1.17 
24 7850 0.135 1.508 1.092 87 7222 0.301 1.580 1.17 
25 7850 0.135 1.508 1.092 88 7222 0.301 1.580 1.17 
26 7850 0.135 1.508 1.092 89 7222 0.301 1.580 1.17 
30 7850 0.169 1.820 1.300 90 7222 0.301 1.580 1.17 
31 7850 0.169 1.820 1.300 - - - - - 
32 7850 0.169 1.820 1.300 - - - - - 
33 7850 0.169 1.820 1.300 - - - - - 
36 7850 0.195 1.820 1.508 - - - - - 
37 7850 0.195 1.820 1.508 - - - - - 
38 7850 0.312 1.820 1.508 - - - - - 
13 7850 0.006 1.612 1.404 - - - - - 
14 7850 0.006 1.612 1.404 - - - - - 
15 7850 0.006 1.612 1.404 - - - - - 
16 7850 0.006 1.612 1.404 - - - - - 
17 7850 0.006 1.612 1.404 - - - - - 
18 7850 0.006 1.612 1.404 - - - - - 
19 7850 0.006 1.612 1.404 - - - - - 
20 7850 0.006 1.612 1.404 - - - - - 
23 7850 0.009 1.820 1.508 - - - - - 
24 7850 0.009 1.872 1.508 - - - - - 
25 7850 0.009 1.950 1.508 - - - - - 
26 7850 0.009 2.080 1.508 - - - - - 
30 7850 0.012 2.444 1.820 - - - - - 
31 7850 0.012 2.600 1.820 - - - - - 
32 7850 0.012 2.691 1.820 - - - - - 
33 7850 0.012 2.860 1.820 - - - - - 
36 7850 0.016 3.055 1.820 - - - - - 
37 7850 0.017 3.315 1.820 - - - - - 
38 7850 0.019 3.640 1.820 - - - - - 
76 7222 0.301 1.580 1.170 - - - - - 
77 7222 0.301 1.580 1.170 - - - - - 
 
